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lumbing is a trade that involves the 

installation, removal, or modifica- 

tion of plumbing systems for the 
purpose of conveying a water supply and 
removing wastewater and waterborne 
waste. A plumber is responsible for 
public health and sanitation related to the 
plumbing systems of a building. 

The responsibilities of a plumber may 
also include the installation, maintenance, 
and repair of certain heating and cooling 
systems and gas systems. A plumbing 
system is the system of pipes, fittings, and 
devices within a building that includes 
water supply distribution pipes; fixtures 
and fixture traps; soil, waste, and vent 
pipes: building drain and building sewer; 
and a stormwater drainage system with its 
devices, appurtenances (accessories), and 
connections inside and outside the build- 
ing. A plumber provides potable water to 
a building, distributes water to various 
plumbing fixtures, and makes provisions for 
wastewater and waterborne waste materials 
to be removed from the building. 

Potable water is water that is free from 
impurities that could cause disease or 
harmful physiological effects. The bacte- 
riological and chemical quality of potable 
water must conform to state board of 
health requirements. The plumber is also 
responsible for the maintenance and repair 
of the water supply and drainage piping. 

In the process of supplying water to a 
building and removing the waterborne 
waste materials, a plumber constructs 
the plumbing systems of a building. A 
plumber is usually guided in the job of 
supplying a building with a safe water 


supply and the removal of waterborne 
waste materials by plumbing codes. 
Plumbing codes are based on fundamen- 
tal plumbing principles. See Figure 1-1. 


PLUMBING HISTORY 


The plumbing trade has a long and fascinat- 
ing history. There is evidence of sanitation 
and plumbing skill from ancient times, such 
as water-conveying aqueducts constructed 
of terra cotta and brick and holes in the 
ground lined with tile and used as bathtubs. 
Even though these aqueducts and bathtubs 
were crude by today’s standards, they of- 
fer proof that early civilizations realized 
the consequences of poor plumbing. Early 
Egyptian, Grecian, and Roman rulers pro- 
moted sanitary facilities. An individual who 
worked in the sanitary field in ancient Rome 
was called a “‘plumbarius,” taken from the 
Latin word “plumbum,” which means lead. 
The term “plumbarius” was appropriate 
since the work consisted of shaping lead. 
Until recently, lead was commonly used 
for water supply and wastewater removal. 
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The term “plumbing” is 
derived from the Latin 
word “plumbum,” which 


means lead. 


Cast iron pipe can be used for sanitary drainage, waste, and vent systems. 


Plumbing Codes . 


Figure 1-1 
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4715.0200 BASIC PLUMBING PRINCIPLES 


DWELLING 
PLUMBING 


This code is founded upon certain basic principles of 
environmental sanitation and safety through properly 
designed, acceptably installed, and adequately maintained 
plumbing systems. Some of the details of plumbing 
cons-truction may vary but the basic sanitary and safety 
principles desirable and necessary to protect the health of 
the people are the same everywhere. As interpretations 
may be required, and as unforeseen situations arise which 
are not specifically covered in this code, the twenty three 
principles which follow shall be used to define the intent. 


A. All premises intended for human habitation, 
occupancy, or use shall be provided with a potable water 
supply which meets the requirements of the commissioner 
of health. Such water supply shall not be connected with 
unsafe water sources nor shall it be subject to the hazards 
of backflow or back-siphonage. 


B. Proper protection shali be provided to prevent 
contamination of food, water, sterile goods, and similar 
materials by backflow of sewage. When necessary, the 
fixtures, device, or appliance shall be connected indirectly 


REQUIREMENTS ~ with the building drainage system. 


VENTILATION > 


N 
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C. Each family dwelling unit shall have at least one 
water closet, one lavatory, one kitchen-type sink, and one 
bathtub or shower to meet the basic requirements of 
sanitation and personal hygiene. All other structures for 
habitation shall be equipped with sufficient sanitary 
facilities. 


D. Every building with installed plumbing fixtures 
and intended for human habitation, occupancy, or use 
when located on premises where a public sewer is 
available within a reasonable distance shall be connected 
\to the sewer. 


x 


E. The building drainage system shall be designed to 
provide adequate circulation of air in all pipes with no 
danger of siphonage, aspiration, or forcing of trap seals 
under conditions of ordinary use. 


F. The drainage system shall be designed, constructed, 
and maintained to conduct the wastewater with 
velocities which will prevent fouling, deposition of solids, 
and stoppage. 


G. The drainage system shall be provided with an 
adequate number of cleanouts so arranged that in case of 
stoppage the pipes may be readily cleaned. 


H. Where a building drainage system may be subjected 
to backflow of sewage, suitable provision shall be made to 
prevent its overflow in the building. 


I. Each vent terminal shall extend to the outer air 
and be so installed as to minimize the possibilities of 
stoppage and the return of foul air to the building. 


J. No substance which will clog or accentuate 
stoppage of pipes, produce explosive mixtures, destroy 
the pipes or their joints, or interfere unduly with the 
sewage disposal process shall be allowed to enter the 
drainage system. 


K. The piping of the plumbing system shall be of 
durable material free from defective construction and so 
designed and constructed as to give satisfactory service fo; 
its reasonable expected life. ae 


L. The plumbing system shall be subjected to adequate 
tests and to inspections in a manner that will disclose all 
leaks and defects in the work or the material. 


M. Plumbing systems shall be maintained in a safe and 
serviceable condition from the standpoint of both mech- 
anics and health. 


N. Plumbing shall be installed with due regard to 
preservation of the strength of structural members and 
prevention of damage to the wails and other surfaces 
through fixture usage. 


Y 
O. Plumbing fixtures shall be made of durable, 
smooth, nonabsorbent, and corrosion-resistant material 
and shall be free from concealed fouling surfaces. 


P. Plumbing fixtures, devices, and appurtenances 
shall be supplied with water in sufficient volume and at 
pressures adequate to enable them to function properly 
and without undue noise under normal conditions of use. 


Q. Plumbing fixtures shall be designed and adjusted 
to use the minimum quantity of water consistent with 
proper performance and cleaning. Hot water shall be 
supplied to all plumbing fixtures which normally need or 
require hot water for their proper use and function. 


R. All plumbing fixtures shall be so installed with 
regard to spacing as to be accessible for their intended use 
and cleansing. 


S. Each fixture shall be provided with a separate, 
accessible, self-scouring, reliable trap placed as 
near to the fixture as possible. 


T. No water closet or similar fixture shall be 
located in a room or compartment which is not properly 
lighted and ventilated. 


U. If water closets or other plumbing fixtures are 
installed in a building where there is no public sewer 
available, as determined by the authority having 
jurisdiction, suitable provision must be made for 
treatment of the building sewage by methods that meet 
the design criteria of the Minnesota Pollution Control 
Agency. 


V. Devices for heating water and storing it shall be 


‘PLUMBING 
SYSTEM 
TESTING 


7— FIXTURE 
MATERIAL 


designed and installed to prevent all dangers from explosion ~—SEWAGE 


and overheating. 
DE 
W. Sewage or other waste shall not be discharged into 
surface or subsurface water unless it first has been subjected 
to an acceptable form of treatment. 
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Minnesota Plumbing Code 


Figure 1-1. Plumbing codes are based on basic plumbing principles, which address dwelling plumbing require- 
ments, ventilation, plumbing system testing, fixture material, and fixture traps. 


During the Middle Ages (400 A.D. 
1400 A.D.), the Roman culture deterio- 
rated. In the fight for domination during 
the early part of this period, the Goths 
and other barbarian tribes destroyed what 
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PLUMBING DESIGN AND INSTALLATION 


remained of the Roman culture. Disease 
became rampant, and unsanitary condi- 
tions were responsible for destroying 
at least one-fourth of the population of 
Europe. Commercial trade was almost 


nonexistent, and few advances were 
made in trades such as plumbing. During 
the Renaissance (1400 A.D.-1600 A.D.) 
and after, plumbing began to develop 
again. The first plumbing apprentice 
laws were passed in England early in the 
1600s. France began installing public 
water service in the 1700s. In general, 
Europe was in a period of building. 
This included progress in the art of 
sanitary science. 

In 1652, Boston developed the first 
city water system in the colonies, which 
was primarily used for firefighting and 
domestic use. Since wood-frame houses 
were common for this period of time, a 
means was needed to provide a readily 
available water source to combat fires. 
The water supply line was made from 
bored hemlock logs, with joints between 
the logs sealed with pine tar and pitch. 
Even though the bored log system was 
very crude, it allowed quick access to the 
water supply by firefighters. 

Firefighters would bore a hole into the 
water supply log and insert a smaller 


pipe that was presized to fit the hole. A 
hose was then connected between the 
smaller pipe and a two-person pumper 
wagon. When the fire was extinguished, 
firefighters would remove the smaller 
pipe and plug the water supply log 
with a conical stopper at the end of a 
long pole. The term “fireplug” refers 
to the long pole sticking out of the 
ground, which marked the plug. When 
firefighters were called to fight a fire in 
the same area, they would simply pull 
the plug and attach the smaller pipe. 
Wood pipes were used until the early 
1800s, when they were replaced with 
iron pipes. Philadelphia was the first 
city in the world to adopt cast iron pipe 
for its water mains. 

Little progress in sanitary science 
was made in the United States until the 
early 1800s. See Figure 1-2. Until this 
time, commerce in the United States was 
primarily devoted to agriculture. The 
kitchen sink and portable bathtub were 
the first two indoor plumbing fixtures. 
The outside privy was acommon means 
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The plumbing trade dates 
back to early Egyptian, 


Greek, and Roman times. 


Plumbing Technology Development 
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Figure 1-2. Major developments in plumbing technology occurred in the 1800s. 
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In 1857, a Brooklyn sewer 
system design became the 


framework upon which 


modern sewage disposal 
is based. 
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of disposing of waste matter. Water 
closets, imported from England where 
they were first patented, were in use in 
a few situations. 

In 1829, Isaiah Rogers, a 26-year-old 
architect from the northeastern United 
States, designed the first hotel to have 
indoor plumbing. The Tremont Hotel 
in Boston became the prototype for 
subsequent first-class hotels. Indoor 
plumbing, water closets, and the instal- 
lation of sanitary sewers as an outlet for 
wastewater also occurred around the 
same time. However, improper plumb- 
ing practices and the odor from open 
sewer connections made some homes 
with indoor plumbing uninhabitable. 

In 1857, Julius Adams developed the 
framework upon which modern sewage 
disposal was based. Adams was com- 
missioned to develop a design for the 
Brooklyn sewer system. Even though 
there was little data available about 
proportioning the size of sewers to the 
number of people, Adams developed de- 
signs and guidelines that made modern- 
day sanitary engineering possible. The 
first American patent for a plunger 
water closet was also issued in 1857 to 
William Campbell and James Henry. 
Unfortunately, the plunger water closet 
was unsanitary. 


Reed Manufacturing Co 
A direct tapping machine drills and taps water mains while under pressure, 
and then installs a corporation cock. 


PLUMBING DESIGN AND INSTALLATION 


After the Civil War, plumbing systems 
were improved slowly but steadily. Pat- 
ents were issued on traps and methods of 
ventilation. Public water supply and sew- 
age disposal systems became more com- 
mon, and plumbing became a necessity. 

In 1870, John Randall Mann invented 
a siphonic water closet. Three pipes 
supplied water to the water closet basin. 
One pipe fed the flushing rim, another 
pipe discharged about one-half gallon 
of water quickly into the basin to create 
the siphonic action, and the third pipe 
provided the flushing action. 

In 1874, an unknown plumber solved 
the problem of venting by balancing the 
air pressure within the plumbing system 
with the outside atmospheric pressure 
to prevent siphonage or blowout of trap 
seals. In 1876, William Smith invented 
the jet siphon water closet. Around 1900, 
Robert Frame and Charles Neff of Rhode 
Island developed the first prototype 
of a siphonic washdown water closet. 
The original siphonic washdown water 
closet sometimes failed to provide the 
necessary siphonic action and allowed 
the waste to overflow. 

Up to 1900, few urban homes provided 
more than a hydrant and a slop hopper 
for waste disposal. After the turn of the 
century, the development of plumbing 
systems progressed more rapidly. Hop- 
pers and washdown water closets, sinks, 
and bathtubs were provided inside a 
building. 

Scientific methods began to play a 
role in constructing plumbing systems. 
Fixture traps were ventilated, and hot 
and cold running water was introduced. 
The design of the siphonic washdown 
water closet was improved during this 
period, and states began developing 
legislation for the control of sanita- 
tion. Modern manufacturing methods 
provided materials and equipment that 
could be scientifically incorporated into 
a plumbing system. Buildings became 
larger, and the people who occupied 
them demanded more sanitary facilities. 


PLUMBING TRADE 
STRUCTURE 


The plumbing trade is structured into 
the following various levels of expertise 
and experience: apprentice, journey- 
man, foreman (supervisor), general 
foreman, and piping superintendent. An 
apprentice is any person who enters into 
an agreement with an employer or Joint 
Apprenticeship and Training Committee 
(JATC) for a required period of time to 
receive instruction and learn a trade. 

Dating back to early history, appren- 
tices in various crafts were indentured to 
a master. This involved a contract bind- 
ing one person to work for another for a 
given length of time to learn a trade. In 
many cases, the family of an apprentice 
paid a fee to a master for the apprentice 
to learn a trade. 

From medieval times through most of 
the 1800s, an apprentice lived with the 
master and was provided room and board 
plus some clothing. Currently, a plumb- 
ing apprenticeship is four to five years 
long, and the apprentice is protected by 
federal and some state laws and the local 
JATC in regard to work hours, wages, and 
conditions of employment. 


—_ 


Plumbers in the Roman Empire not only 
installed and repaired pipe, they also 
worked on roofs, gutters, and sewers— 
essentially every aspect of supplying 
E water and conveying wastewater. 


A journeyman is any person who has 
completed apprenticeship training in a 
trade and is skilled in a particular field. 
Journeymen can work for any contractor 
that they so desire and may relocate to any 
place where work is found. Journeymen 
comprise the largest percentage of plumb- 
ers in union shops. 

A foreman is a journeyman who su- 
pervises a group of workers. A foreman 
attains this position after showing ability 
as a journeyman, as well as demonstrating 
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An estimator works from a set of construction drawings and specifications to 
determine the number of fixtures, fittings, amount of pipe, and other equip- 


ment required for a given job. 


the ability to supervise other workers. 
A foreman is responsible for planning 
the work of journeymen and apprentices 
on a construction project and ensuring 
that they have the appropriate tools and 
adequate material with which to work. 
On larger construction projects, there 
may be a general foreman that oversees 
the foreman. 

A superintendent is the person who 
is in charge of all field work for a 
contractor and oversees the work of 
supervisors and general supervisors. 
The superintendent is usually a general 
supervisor who has been promoted. 
In the construction industry, supervi- 
sors, general supervisors, and super- 
intendents typically retain their union 
membership. 

Plumbing contractors often employ 
an estimator. An estimator is a person 
who estimates the cost of the construc- 
tion projects the contractor wants to bid 
on. Working from a set of construction 
drawings and specifications, an estima- 
tor takes off (measures and/or counts) 
the plumbing fixtures and equipment 
and determines the length of pipe re- 
quired for the given job. Takeoff is per- 
formed to determine material and labor 
costs so that a fair bidding figure can be 
obtained and the contractor can make a 


"ini 


Computer takeoff soft- 
ware is used to accurately 
estimate the plumbing 
system, and to ensure 
all pipe, fittings, fixtures, 
and appliances are ac- 


| counted for. 
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profit on the job. An estimator must be 
skilled in mathematics, printreading. 
trade practices, and in estimating mate- 
rial and labor costs. 

A contractor is the individual or com- 


pany responsible for the performance of 


construction work, including labor and 
materials, according to plans and speci- 
fications. A contractor must understand 
all phases of the business, including 
regulations governing the construction 
industry and plumbing licenses, and 


must be able to provide the money for 


payrolls and materials. The livelihood 
of the employees depends on the overall 
ability of the contractor to run the busi- 
ness successfully. 


{ene 


Different states and municipalities may 

have different laws and regulations regard- 

ing the licensing of plumbers and plumbing 
| contractors. 


PLUMBING 
APPRENTICESHIP 
STANDARDS 


The plumbing industry, in cooperation 
with the U.S. Department of Labor and 
Bureau of Apprenticeship and Training. 
set up National Standards of Appren- 
ticeship. These standards establish age 
limits, educational requirements, length 
of apprenticeship, ratio of apprentices to 
journeymen, hours of work, and wages. 

The Joint Apprenticeship and Training 
Committee (JATC) is composed of equal 
representation from labor and manage- 
ment, with consultants from the Bureau 
of Apprenticeship and Training and the 
state or local board of education attend- 
ing as nonvoting advisors. The JATC has 
the delegated power to set local standards 
consistent with the basic requirements 
established by the national committee. 
These local standards are especially 
important in the plumbing industry; the 
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apprentice plumber must learn the local 
plumbing codes and ordinances so that 
upon completion of the apprenticeship 
training. the candidate will be able to 
pass a plumbing license examination 
based upon them. The standards typi- 
cally include the wage rate structure 
the apprentice will receive during 
the term of the apprenticeship. See 
Figure 1-3. 

Apprentices are selected from ap- 
plicants who meet the standards of the 
local JATC. The apprentice is inden- 
tured to the JATC and then assigned to 
a contractor. If the contractor runs out 
of work, the JATC will place the ap- 
prentice with another contractor to learn 
the plumbing trade. This arrangement 
permits the JATC to maintain control of 
the quality of the training and to handle 
the necessary paperwork. 

By signing the apprenticeship agree- 
ment, an apprentice agrees to abide 
by all of its provisions, and in turn, 1s 
protected by its rules and regulations. 
Some state Bureaus of Apprenticeship 
and Training will then issue an ap- 
prentice identification card. The card 
serves as the personal identification of 
the apprentice when on the job site until 
the apprentice obtains a journeyman 
plumber license. 

In addition to supervising the on-the- 
job training, the JATC also establishes 
the related curriculum and instruction 
for an apprentice, which consists of both 
traditional classroom and shop classes. 
During the first two years, apprentice 
plumbers learn plumbing fundamentals 
so that they can form a solid foundation 
of fundamental skills and theory on 
which to build specialized training. The 
apprentice plumber receives classroom 
instruction in plumbing theory, natural 
gas piping, printreading, and plumbing 
codes. Typical plumbing shop classes 
include gas welding, arc welding, solder- 
ing, and silver brazing. During the last 
three years, apprentices progress through 
the advanced stages of instruction in 
specialized areas, such as gasfitting and 
medical gas piping. 


When an apprentice completes the 
classroom training and the required num- 
ber of hours of on-the-job training, the 
JATC notifies the Bureau of Apprentice- 
ship and Training, which issues a comple- 
tion certificate. In addition, upon passing 
the plumbing license examination(s), the 
apprentice plumber 1s issued the appropri- 
ate state and/or local plumbing licenses. 
Local plumbing ordinances usually 
require that a plumber be licensed in the 
area before work can be performed there, 
and the ordinances usually do not permit 
apprentices to work alone. 


The Bureau of Apprenticeship and Train- 
ing is a federal agency responsible for 
apprenticeship training in the United 
States. The Bureau was established by 
the National Apprenticeship Act of 1937, 
commonly known as the Fitzgerald Act. 
This legislation was enacted to secure 
apprentices’ benefits and safeguard their 
welfare. 


General Requirements 


Age—At least 18 years of age 


Education—High school graduation or 
equivalent 


APPRENTICE PLUMBER QUALIFICATIONS 


Canadian Apprenticeship 
Standards 


The path a plumber follows from ap- 
prentice to journeyman status varies 
slightly between the United States and 
Canada. The nationally recognized 
trades in Canada, such as plumbing, are 
known as Red Seal trades. The hold- 
ers of a Red Seal are eligible to work 
anywhere in Canada. For plumbers, 
a Red Seal is acquired by passing the 
Interprovincial Standards Examination 
after first qualifying at the provincial or 
territorial level. 

A Red Seal trade is based on the re- 
quirements identified by the National 
Occupational Analysis (NOA) for the 
trade. This includes a list of essential 
skills identified by the Canadian govern- 
ment through consultation with industry 
professionals across the country. The 
skills that are common to all provinces 
and territories are selected, and the per- 
centage of time devoted to learning each 
skill is determined. 


Work Processes 
Covered During Training 


Installation of piping for waste, soil, 
sewerage, vent, and leader pipe.... 2000 hr 


Physical Examination—Physical examination 
by a doctor may by required by JATC 


Other—Applicants must be citizens of the United 
States, or in the process of naturalization 


Term of Apprenticeship 


The term of apprenticeship shall be not less than 
five years, to be divided as follows: 8750 hours 

of work experience, and not less than 1000 hours 
of related instruction (200 hours per year) shall 
be considered to be the minimum requirements 
for the development of a journeyman. 


* percentage of journeyman wage rate 


| Installation of piping for hot and 


cold water for domestic purposes... 2000 hr 


Assembly and connection of 


fixtures and appliances „ossee 1000 hr 
Maintenance and repair 
Se EEEn r ne E 2000 hr 
Installation of other work usually 
performed by plumbers .................. 1750 hr 
8750 Total hr 
Apprentice Wages* 


1st 1750 hr 


2nd 1750 hr 


3rd 1750 hr 


4th 1750 hr 


5th 1750 hr 
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The term of a plumbing 
apprenticeship ts at least 
five years, including ap- 
proximately 8750 hours 
of work experience and 
1000 hours of related 


instruction. 


Figure 1-3. A plumbing 
apprenticeship is five 
years in length, during 
which time the apprentice 
receives classroom and 
shop training. 


g 
Industry and standards 
organizations establish 
quality standards and 
provide a method for 
improving the plumbing 


| trade. 


ANSI 


American National Standards Institute 


1819 L Street, NW 
Washington, DC 20036 
www.ansi.org 


ASTM INTERNATIONAL 
100 Barr Harbor Drive 
P.O. Box C700 


West Conshohocken, PA 19428 


www.astm.org 


After successful completion of in- 
school training, training institutions 
award apprentices with a certificate of 
completion. One year usually passes 
between the completion of in-school 
instruction and the receipt of final cer- 
tification in a trade, during which time 
an apprentice gains practical experience 
on the job. Upon completion of the re- 
quired on-the-job and in-school training, 
an apprentice may take the provincial 
certification exam. A Certificate of Quali- 
fication is obtained when an apprentice 
successfully passes the exam. After the 
Certificate of Qualification is obtained, 
the Interprovincial Standards Examina- 
tion may be taken. 


INDUSTRY AND 
STANDARDS 
ORGANIZATIONS 


The plumbing industry has evolved over 
the years through the efforts of many 
industry and standards organizations. 
These organizations have sought to es- 
tablish quality standards, provide quality 
and consistency between manufacturers, 
and provide a vehicle for improvement 
of the plumbing trade. See Appendix. 
Plumbing contractors and industry 
professionals use the resources of these 
organizations to ensure product safety, 
quality, and efficiency. See Figure 1-4. 


INDUSTRY AND STANDARDS ORGANIZATIONS ~ 


OSHA 


Occupational Safety and Health Administration 


200 Constitution Avenue 
Washington, DC 20210 


www.osha.gov 


PHCC 


Plumbing-Heating-Cooling Contractors—National Association 
180 S. Washington Street 


P.O. Box 6808 
Falls Church, VA 22040 


www.phccweb.org 


CISPI 


Cast lron Soil Pipe Institute 
1064 Delaware Avenue SE 


Atlanta, GA 30316 
www.cispi.org 


CDA 


Copper Development Association 


260 Madison Avenue 
New York, NY 10016 
http://piping.copper.org 


MSS 


Manufacturers Standardization Society of the Valve 


and Fitting Industry 
127 Park Street, NE 
Vienna, VA 22180 
www.mss-hq.com 


MCAA 


Mechanical Contractors Association of America 


1385 Piccard Drive 
Rockville, MD 20850 
www.mcaa.org 


PPFA 


Plastic Pipe and Fittings Association 
800 Roosevelt Road 

Building C, Suite 20 

Glen Ellyn, IL 60137 
www.ppfahome.org 


PPI 


Plastics Pipe Institute 

105 Decker Court, Suite 825 
Irving, TX 75062 
www.plasticpipe.org 


PMI 


UA 


www.ua.org 


Plumbing Manufacturers Institute 
1921 Rohlwing Road, Unit G 
Rolling Meadows, IL 60008 
www.pmihome.org 


United Association of Plumbers, Fitters, Welders, 
and HVAC Service Techs 

3 Park Place 

Annapolis, MD 21401 


Figure 1-4. Industry and standards organizations ensure product safety, quality, and efficiency. 
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American National 
Standards Institute 


The American National Standards In- 
stitute (ANSI) is a national organization 
that helps identify industrial and public 
needs for national standards. ANSI 
standards are commonly produced and 
co-published with ANSI and member 
technical societies, trade associations, and 
United States government departments. 

A technical society is an organization 
composed of groups of engineers and 
technical personnel that are united by a 
professional interest. The Manufacturers 
Standardization Society of the Valve and 
Fitting Industry is an example of a techni- 
cal society. A trade association is an orga- 
nization that represents the producers of 
a specific product. An example of a trade 
association is the Plastic Pipe and Fittings 
Association. A government department 
is a federal government department often 
responsible for developing specifications 
such as the United States Military Stan- 
dards (MIL STD). 


ASTM International 


The ASTM International is a technical 
society and primary developer of vol- 
untary standards, technical information, 
and services that promotes public health 
and safety and contributes to the reliabil- 
ity of products, materials, and services. 
Founded in 1898, ASTM International 
is one of the oldest and largest standards 
development organizations in the world. 
ASTM International publishes standard 
specifications, test methods and proce- 
dures, and guides and definitions for ma- 
terials, products, systems, and services. 


Cast Iron Soil Pipe Institute 


The Cast Iron Soil Pipe Institute (CISPI) 
is a trade association that is dedicated to 
improving the plumbing industry through 
the proper manufacturing, application, 
and installation of cast iron soil pipe. The 
CISPI strives to improve cast iron soil 
pipe and fittings, achieve standardization 
of these materials, and provide product 
testing, evaluation, and development of 


cast iron products. Organized in 1949 by 
leading American manufacturers of cast 
iron soil pipe and fittings, the members 
have standardized soil pipe and fittings 
and have introduced several new products 
used in the plumbing industry. 


Copper Development 
Association 


The Copper Development Association 
(CDA) is a trade association that provides 
technical information regarding the proper 
and efficient use of copper and copper al- 
loys in all applications, including plumb- 
ing. sprinkler systems, gas installations, and 
roofing. CDA publishes many technical 
references, publications, and resources, 
including the Copper Tube Handbook, 
which is designed for the use of journey- 
men plumbers, pipefitters, sprinklerfitters, 
and plumbing and heating contractors. 


Manufacturers 
Standardization Society of the 
Valve and Fitting Industry 


The Manufacturers Standardization Society 
(MSS) is atechnical society organized for the 
development and improvement of plumbing 
industry, national, and international standards 
for valves, pipe fittings, flanges, pipe hang- 
ers, and related seals. MSS publishes over 65 
standards, which cover topics dealing with 
castings and forgings for valves, inspection 
procedures, pressure testing, fabrication, and 
installation procedures. 


Mechanical Contractors 
Association of America 


The Mechanical Contractors Association of 
America (MCAA) is a trade association that 
represents member contractors in the instal- 
lation of plumbing, heating, refrigeration, 
and air conditioning systems. In addition, 
the MCAA membership also includes con- 
tractors that service and repair mechanical 
equipment after installation. Founded in 
1889 as the National Association of Master 
Steam and Hot Water Fitters, the MCAA 
helps mechanical contractors stay abreast 
of emerging technologies, address labor is- 
sues, and improve their business practices. 
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OSHA regulations and 
compliance links are 


found on the Internet at 
ww .osha.gov/comp- 
links. html. 


Occupational Safety and Heaith 
Administration 


The Occupational Safety and Health 
Administration (OSHA) is a federal 
agency that requires all employers to 
provide a safe environment for their 
employees. OSHA was established 
under the Occupational Safety and 
Health Act of 1970, which requires that 
all employers provide work areas free 
from recognized hazards likely to cause 
serious harm or death. 

OSHA administers and enforces com- 
pliance with the Act through inspection 
by trained OSHA inspectors. Under 
OSHA guidance, states may develop 
and administer state occupational safety 
and health plans. Currently, there are 26 
states and jurisdictions with their own 
occupational safety and health plans. 
The plans may include the private and/ 
or public sector and must be revised as 
necessary in order to comply with mini- 
mum federal OSHA regulations. 

The Office of the Federal Register 
publishes all agopted OSHA regula- 
tions and required amendments, cor- 
rections, insertions, and deletions. Each 
year, all current OSHA regulations 
are reproduced in the Code of Federal 
Regulations (CFR). OSHA regulations 
are included in Title 29 of CFR Parts 
1900-1999. These documents are avail- 
able online at www.osha.gov, at many 
libraries. and from the Government 
Printing Offices (GPO) in major cities. 


The OSHA regulations governing the use of guardrails requires that walking 


surfaces more than 6’-0” above another surface must be protected by wood, 
wire rope or cable, or other acceptable materials. 


10 PLUMBING DESIGN AND INSTALLATION 


Plastic Pipe and 
Fittings Association 


The Plastic Pipe and Fittings Associa- 
tion (PPFA) is a national trade associa- 
tion that represents the manufacturers 
of plastic pipe, fittings, and solvent ce- 
ments for plumbing and related applica- 
tions and the suppliers of raw materials 
or equipment for the manufacturing 
process of these items. PPFA promotes 
a regulatory environment in which the 
value of plastic pipe and fittings is fully 
recognized, educates users and install- 
ers of plastic pipe and fittings about the 
benefits and proper use of the materials, 
and provides a forum for members to 
network and share information about 
the products. 


Plastics Pipe Institute 


The Plastics Pipe Institute (PPI) is 
a trade association that represents all 
segments of the plastic pipe industry. 
PPI members include manufacturers 
of polyethylene, chlorinated polyvinyl 
chloride, polybutylene, polyvinylidine 
fluoride, polyamide, and cross-linked 
polyethylene piping products and ma- 
terials. PPI contributes to the develop- 
ment of plastic pipe standards; publishes 
current technical reports and statistics; 
educates designers, installers, users, 
and government officials; and maintains 
communication between industry, edu- 
cational, and government groups. 


Plumbing-Heating-Cooling 
Contractors—National 
Association 


The Plumbing-Heating-Cooling 
Contractors —National Association 
(RACC) is a trade association for 
contractors working in the plumbing, 
heating, and cooling industry. Founded 
in 1883, PHCC is the oldest trade asso- 
ciation in the construction industry and 
the largest association in the plumb- 
ing, heating, and cooling industry. 
PHCC is dedicated to the promotion, 
advancement, education, and training 


of the industry for the protection of the 
environment and health and safety of 
people using plumbing, heating, and 
cooling products. 


Plumbing Manufacturers 
Institute 


The Plumbing Manufacturers Insti- 
tute (PMI) is a trade association of 
plumbing product manufacturers. 
PMI represents manufacturers from 
most plumbing product lines and has 
recently increased its involvement in 
code and standard development related 
to the plumbing industry. PMI also 
works with consumer groups and other 
segments of industry. Originaily, PMI 
was called the Plumbing Brass Institute 
since it dealt solely with brass fitung 
manufacturers. In 1975, however, the 
Plumbing Brass Institute changed its 
name to the Plumbing Manufacturers 
Institute and expanded its scope to 
include manufacturers of all plumbing 
materials, fittings, and devices. 


United Association of 
Journeymen and Apprentices 
of the Plumbing and 
Pipefitting Industry of the 
United States and Canada 
Founded in 1889, the United Associa- 


tion of Journeymen and Apprentices of 


the Plumbing and Pipefitting Industry 
of the United States and Canada (UA) 
is a multicraft union whose members 
fabricate, install, and service piping 
systems. Over 326,000 highly skilled UA 
members belong to approximately 321 
local unions across North America. The 
UA offers apprenticeship, journeyman, 
and instructor training, as well as certi- 
fication programs for its membership. 
Before the Civil War, groups of 
plumbers and pipefitters were organized 
in several major cities in the United 
States. The predecessor of the UA, 
the United Association of Journeymen 
Plumbers, Gas Fitters, Steam Fitters, 
and Steam Fitters’ Helpers of the United 


States and Canada, was founded in 
1889. During its first years, the UA was 
a federation of local unions, rather than 
a national union of the pipe trades. In 
1921, the UA created a five-year ap- 
prenticeship, mandatory for its member- 
ship. In 1946, the name of the union was 
officially changed to its present name. 


PLUMBING CODES 


Product specifications and regula- 
tions for the installation and use 
of plumbing products have existed 
over the years. However, plumbing 
codes were not developed until the 
1920s when Herbert C. Hoover de- 
veloped the “Hoover Code” when he 
was Secretary of Commerce for the 
United States. The Hoover Code was 
the forerunner of modern plumbing 
codes. In the 1940s, Dr. Roy Hunter 
of the National Bureau of Standards 
developed a method for sizing pipe by 
estimating the maximum demand on 
water supply and drainage systems. 
Even though the method for determin- 
ing pipe sizing has been modified over 
the years, Dr. Hunter’s basic work is 
still used as a basis for sizing pipe in 
a plumbing system. 

When plumbing codes were being 
developed, many code enforcement 
officials felt it would be best to use a 
model code rather than developing a 
code specific to their jurisdiction. Of- 
ficials felt that a model code applicable 
to their region of the country, which ac- 
counted for climatic conditions. would 
best serve their needs. A model code is 
a building code developed by a regional 
committee of code enforcement offi- 
cials. See Figure 1-5. Model plumbing 
codes used today are as follows: 


e Uniform Plumbing Code 
e International Plumbing Code 


e National Standard Plumbing Code 
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The UA established the 


first nationally registered 
Joint apprenticeship pro- 
gram in the United States 


| in 1936. 


lI 


Figure 1-5. Model codes 
are developed by regional 
committees of code en- 
forcement officials. 
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Uniform Plumbing Code 

The Uniform Plumbing Code (UPC) is 
a model plumbing code developed and 
sponsored by the International Associa- 
tion of Plumbing and Mechanical Of- 
ficials (APMO). IAPMO is a nonprofit 
organization dedicated to the plumbing 
industry. IAPMO develops standards, 
presents educational seminars, tests jour- 
neymen plumbers, and certifies plumb- 
ing inspectors. The UPC is used in most 
of the western part of the United States, 
and in Alaska and the Virgin Islands. 


International Plumbing Code 

The International Plumbing Code (IPC) 
is a model plumbing code codeveloped 
by the Southern Building Code Con- 
gress International (SBCCI), Build- 
ing Officials and Code Administra- 
tors (BOCA), and the International 
Conference of Building Officials (CBO) 
through the International Code Council 
(ICC). The IPC is the most widely used 
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plumbing code in the United States, pri- 
marily in the eastern and central parts. It 
is also used as a basis for the plumbing 
code of some other countries. The IPC is 
a part of the International Building Code 
developed by the ICC. 


A40 Standard Code/National 
Standard Plumbing Code 

Based on the work of Hoover and Hunter, 
the A40 Standard is the original model 
plumbing code, which established the 
form and content of model codes today. 
Failed efforts to update the 1955 A40 
Standard during the 1960s resulted in 
the development of the National Stan- 
dard Plumbing Code. The National 
Standard Plumbing Code (NSPC) is 
a model plumbing code based on the 
format and language of never-ratified 
drafts of the A40 Standard updates. The 
NSPC has been adopted in Colorado, 
Iowa, Mississippi, and Nevada. In 1972, 
anew committee was formed to write a 


new A40 Standard code. The new A40 
Standard code was published in 1993. 
Only Maryland and New Jersey have 
adopted the A40 Standard code. 


State Plumbing Codes 


Code enforcement officials in several 
states, including California and Hawaii, 
have developed their own plumbing 
codes. Typically, state plumbing codes 
are based on model codes but have 
been modified to address environ- 
mental or climatic conditions unique 
to that particular state. A few major 
counties and cities have adopted their 
own plumbing codes. 


National Plumbing Code 
of Canada 


The National Plumbing Code of Canada 
(NPC) ts the national standard of plumb- 
ing regulations in Canada that applies 
to residential and commercial construc- 
tion projects. However, each province 
establishes its own plumbing code. A 
province either adopts the NPC as it is 
written or modifies it to meet the needs 
of the province. 


PRINTREADING AND 
SPECIFICATIONS 


In addition to practical training with 
tools and materials, an apprentice plumber 
must learn to read and understand prints 
and specifications. A printis adrawing of a 
building structure and all of its components. 
Prints are also referred to as blueprints 
or working drawings. A specification is 
written information from an architect or 
engineer that supplements a print and 
provides additional details that could not 
be shown on the print or that requires 
additional description. Depending on the 
size of the job, the specifications may 
consist of a few notations on the prints, a 
few sheets of paper, or possibly a detailed 
book with hundreds of pages. Specifica- 
tions also include information on legal 
responsibilities, insurance, quality of 


workmanship, and other necessary details 

such as brands and types of plumbing 

fixtures and equipment. 

Prints are separated into different divi- 
sions to help craftsworkers find informa- 
tion easily. Prints for larger construction 
projects are divided into five sets—archi- 
tectural, structural, mechanical, electrical. 
and civil prints—and each print division 
is denoted with a capital letter prefix: 

e Architectural prints include general 
building information, floor plans, el- 
evations, section drawings, and detail 
drawings. Architectural prints are 
denoted with an “A” prefix. 


e Structural prints provide information 
about sizes, styles, and placement for 
foundations, beams, columns, joists, 
and other framing and load-bearing 
members. Structural drawings are 
denoted with an “S” prefix. 


e Mechanical prints provide infor- 
mation about the plumbing, heating, 
and air conditioning systems of a 
building, including ductwork, pip- 
ing, and equipment placement and 
sizes. Information about piping for 
fire protection systems may also be 
part of the mechanical prints, or it 
may be provided in a separate divi- 
sion. Mechanical prints are denoted 
with an “M” prefix. 


e Electrical prints indicate the capac- 
ity and placement of power plant 
systems, lighting, cable trays, con- 
duit and panel schedules, wiring, 
switches, and any other electrical 
installation. Electrical prints are 
denoted with an “E” prefix. 


e Civil prints include information 
about overall placement of the build- 
ing on the site, grading, elevations, 
and topographical information. Civil 
prints are denoted with a “C” prefix. 


On smaller buildings and residential 
structures, structural and mechanical 
prints may be incorporated into the 
architectural prints. 
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Information related to plumbing sys- 
tems is typically found on architectural, 
mechanical, and civil prints. Architectural 
prints include floor plans, elevation draw- 
ings, section drawings, and detail drawings. 
A floor plan is a plan view of a building 


that shows the arrangement of walls and 
partitions and provides information about 
windows, doors, cabinets, fixtures, and 
other features as they appear in an imagi- 
nary section taken from approximately 5’ 
above floor level. See Figure 1-6. 


Floor Plans 
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Figure 1-6 
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Figure 1-6. Floor plans show the shape, size, and relationship of rooms in a building. 
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An elevation drawing is an orthographic 
view of a vertical surface without allow- 
ance for perspective. Elevation drawings 
show the true shape of vertical surfaces, 
such as walls, along with material and 
dimension information. Two types of el- 
evation drawings are interior and exterior 


elevation drawings. An interior elevation 
drawing is a scaled view that shows the 
shape and size of the interior walls and 
partitions of a building. An exterior eleva- 
tion drawing is a scaled view that shows 
the shape and size of the exterior walls and 
roof of a building. See Figure 1-7. 
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Figure 1-7. Elevation drawings show the shape and size of exterior walls, interior walls. and partitions. 
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A section drawing is a scaled view 
created by passing an imaginary cutting 
plane through a portion of a building. 
Common section drawings are created 
by passing a cutting plane through ex- 
terior walls to show information about 
foundation footings and walls, wall and 
floor framing, height of windows above 
floors. and eaves and roof construction. 
See Figure 1-8. Section drawings are 
shown wherever an important component 
of a building is not apparent on the floor 
plans or elevations. 
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Figure 1-8. Section drawings show features revealed by an imaginary cutting plane. 
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A detail drawing is a drawing show- 
ing a small part of a floor plan, elevation, 
or section drawing at an enlarged scale. 
Detail drawings provide information 
about specialized construction items that 
are not clearly shown in another part of 
the drawing. For example, a bathroom, 
stairway framing, or foundation section 
can be shown as a detail drawing. See 
Figure 1-9, 

A plot plan is a civil drawing that 
shows the shape and size of a building 
lot and the location, shape, and size of 
a building on the lot. Solid lines on a 
plot plan show the existing contour of on the lot. 
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Plot plans provide information regarding excavation and building location 


Figure 1-9. Detail draw- 
ings show a small part of a 
floor plan, elevation draw- 
ing, or section drawing at 
an enlarged scale. 
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the building lot; dashed lines show the 
contour of the lot after excavation and 
grading. Other information on a plot plan 
includes a symbol designating true north, 
the point of beginning from which the 
building corners and heights, location 


Piot Plans 


of streets, easements, and utilities are 
established. See Figure 1-10. 


Symbols 
A common set of symbols is used on ar- 
chitectural prints to represent materials, 
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Figure 1-10. Plot plans show the building lot shape and size and building location. 
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building objects, and various dimen- plumbing fixtures and piping systems, 
sions and locations. Piping symbols as well as pipe fittings and valves used 
are used by architects and mechani- to construct plumbing systems. See 
cal engineers on prints to represent Figure 1-11. 


STANDARD SYMBOLS FOR PLUMBING, PIPING, PIPE FITTINGS, AND VALVES 
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Figure 1-11. Standard plumbing, piping, fittings, and valve symbols are used on architectural prints. 
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shown. An isometric piping drawing is a 
three-dimensional drawing of a plumbing 

§ system in which all horizontal pipes are 
drawn as 30° lines and all vertical pipes 
are drawn as vertical lines. 


paranes 


Piping Drawings kanm 
OoOo o 
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Isometric piping drawings are also used to lay out the piping systems for large 
commercial or public buildings. 


Abbreviations 


Abbreviations are used on a set of prints 
to describe materials and processes Pa | 
while conserving space on the prints. BATHTUB 
Only uppercase letters are used for PLAN VIEW 
abbreviations on prints. While many 
abbreviations are accepted by virtue of 


1 


. . T 
their common usage, only standardized | 
TE ; ge oS T ig ee tie 1 

abbreviations should be used on prints 1 ! 

5 ae : l 
to avoid confusion. Common plumbing i e e 

. . F ae . 1 i 
materials and their abbreviations are | TETU 
bathtub (BT), cleanout (CO). floor drain į WATER 

| GLOSET 


(FD), kitchen sink (KS), lavatory (LAV), 
water closet (WC), and urinal (UR). 
See Appendix. 


SCHEMATIC PIPING DRAWING 


Schematic and Isometric 
Piping Drawings 
Plan views of the plumbing fixtures 
and piping as they are to be installed, 
as well as schematic and isometric pip- 
ing drawings, may be encountered on 
mechanical prints for large buildings. 
On smaller buildings, plan views show- 
ing where plumbing fixtures are to be 
located will be provided. 

A plumber must develop schematic 
and isometric piping drawings for 
smaller buildings to become familiar 


with the layout of the different plumb- 
ing systems. See Figure 1-12. A ISOMETRIC PIPING DRAWING 


schematic piping drawing, or diagram- PSE EP 

R Mme Tee cant . l 
matic piping drawing, is a drawingofa Figure 1-12. A plumber will encounter 
piping system without regard to scale plan views, schematic piping drawings, 
and the exact location of the fixtures and isometric piping drawings. 
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PLUMBING SYSTEMS OF 
A BUILDING 


Three basic plumbing systems are con- 
structed by a plumber to supply water to 
a building and remove the wastewater 
and waterborne waste material: the po- 
table water supply system, the sanitary 
drainage and vent piping system, and 
the stormwater drainage system. Each 
of these systems must be constructed 
according to the plumbing code adopted 
for the particular jurisdiction. 


The Potable Water 
Supply System 


The potable water supply system is a 
system that includes a water service 


pipe, water distribution pipes, connect- 
ing pipes, fittings, control valves, and 
appurtenances inside or outside of a 
building but within property lines. See 
Figure 1-13. A water supply system 
supplies and distributes potable water 
to points of use within a building. 
Potable water is supplied to a build- 
ing site through a water main. A water 
main is pipe that conveys potable wa- 
ter for public or community use from 
a municipal water supply source. 
A corporation cock, or corporation 
stop, is a valve placed on the water 
main to which the water service of 
a building is connected. A water 
service, or water service pipe, is a pipe 
extending from a corporation cock, 


a 
A direct tapping ma- 
chine drills and taps wa- 
ter mains while under 
pressure. A corporation 
cock ts then installed on 
the main for connection 


of the water service. 


Potable Water Supply Systems 
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Figure 1-13. A potable water supply system conveys potable water to points of use within a building. 
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water main, or other source of water 
supply to the water distribution system 
of a building. A curb cock, or curb stop, 
is a valve installed on a water service to 
turn on or off the flow of potable water 
to a building. A curb cock is installed 
underground, usually near the curb 
line. A stop box is required to access 
the curb cock. 

A stop box, or curb box, is an adjust- 
able cast iron box that is flush with the 
finish grade, capped with a removable 
iron cover, and usually secured with a 
bolt with a five-sided head to prevent 
tampering. A shutoff rod is inserted 
into the stop box to turn on and off the 
curb cock. 

A water meter is installed on the 
water service as the water service 
pipe enters a building. A water meter 
is adevice used to measure the volume 
of water that passes through a water 
service. The volume of water is mea- 
sured in cubic feet or gallons. In some 
cases, an outside register is connected 
to the water meter so a utility worker 
can read the meter without entering 
the building. Valves are placed on each 
side of the water meter to isolate the 
meter so Water flow can be shut off if 
the water meter must be replaced or 
repaired. 

Water is conveyed to the individual 
fixtures through water distribution 
pipes. A water distribution pipe is a 
pipe that conveys water from a water 
service pipe to the point of use. A main 
is a water distribution pipe that is the 
principal pipe artery to which branches 
can be connected. A branch is any part 
of a plumbing system other than a riser, 
main, or stack. 

Branches are located in the potable 
water supply, sanitary drainage and 
vent piping, and storm- water drainage 
systems. A fixture branch is a water 
supply pipe that extends between a 
water distribution pipe and fixture sup- 
ply pipe. A riser is water supply pipe 
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that extends vertically one full story 
or more to convey water to fixture 
branches or to a group of fixtures. 
A fixture supply pipe is installed at 
each fixture such as a water closet 
or lavatory. A fixture supply pipe is a 
water supply pipe connecting a fixture 
to a fixture branch pipe. 


a 


The minimum size for a water service ts 
34” pipe. The minimum size for concealed 
| water supply pipe is ¥2” pipe. 


The Sanitary Drainage and 
Vent Piping System 
The sanitary drainage system is a 
system of sanitary drainage pipes and 
fittings that conveys wastewater and wa- 
terborne waste from plumbing fixtures 
and appliances to a sanitary sewer. The 
vent piping system is a system of vent 
pipes and fittings that provides circula- 
tion of air to or from a sanitary drainage 
system and air circulation within the 
Sanitary drainage system to protect trap 
seals from siphonage or back pressure. 
The sanitary drainage system must 
be properly vented to ensure adequate 
removal of sewage and to allow sewer 
gases to properly escape to the atmo- 
sphere. Sewage is liquid waste containing 
animal or vegetable matter in suspension 
or solution and that may include liquids 
containing chemicals. Sewer gas is a mix- 
ture of vapors, odors, and gases and is the 
by-product of the decomposed organic 
material found in sewers. The pipes, 
cleanouts, and traps that comprise sani- 
tary drainage and vent piping systems are 
divided into several general categories: 


e sanitary drainage pipes—A sanitary 
drainage pipe is a pipe that removes 
wastewater and waterborne waste 
from plumbing fixtures and conveys 


these wastes to a sanitary sewer or 
other point of disposal. 


e waste pipes—A waste pipe is a pipe 
that conveys only liquid waste that 
is free of fecal matter. such as a 
pipe extending from a lavatory or 
bathtub. 


e soil pipes—A soil pipe is a pipe that 
conveys the discharge of water closets 
or other similar fixtures containing 
fecal matter, with or without the dis- 
charge of other fixtures, to a building 
drain or building sewer. 


e stacks—A stack is any vertical line 
of soil, waste, or vent pipe extending 


Sanitary Drainage and Vent Piping System 


through one or more stories. 


e cleanouts—A cleanout is a fitting with 
a removable cap or plug installed in a 
sanitary drainage pipe to allow access 
to the pipe for removing stoppages 
and cleaning the interior of the pipe. 


e vent pipes—A vent pipe is a pipe that 
ventilates the drainage system of a 
building and prevents trap siphonage 
and back pressure. 


Wastewater and waterborne waste exit 
a fixture, such as a lavatory or water 
closet, and flow toward the sanitary 
sewer. See Figure 1-14. 


n a 
Some plumbing codes 
require a 4” running trap 


located outside the exterior 


wall of a structure. 


Figure 1-14 
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Figure 1-14. A sanitary drainage and vent piping system conveys wastewater and waterborne waste from plumb- 
ing fixtures and appliances to a sanitary sewer, while providing air circulation within the system. 
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Provide a bed of small, 

round gravel (pea gravel) 

when installing PVC 

or ABS pipe in under- 

ground sanitary drain- 
| age applications. 


Wastewater and waterborne waste first 
flows through a fixture trap. A fixture trap 
is a fitting or device that, when properly 
vented, provides a liquid seal to prevent the 
emission of sewer gases without affecting 
the flow of wastewater or waterborne waste 
through the trap. The waste then enters a 
fixture drain. A fixture drain is the drainage 
pipe that extends from the trap of a fixture 
to the junction of the next drainage pipe. 
When multiple fixtures are on the same 
floor, waste flows into a horizontal branch. 
A horizontal branch is a soil or waste pipe 
that receives only the discharge from fix- 
tures on the same floor as the branch and 
extends horizontally from a stack. 

When wastewater or waterborne waste 
is discharged from a water closet, urinal, or 
similar fixture, the waste enters a soil stack. 
A soil stack is a vertical drainage pipe that 
extends one or more floors and receives 
the discharge of water closets, urinals, and 
similar fixtures. It may also receive the dis- 
charge from other fixtures. When wastewa- 
ter or waterborne waste is discharged from 
a kitchen sink or similar fixture, the waste 
flows into a waste stack. A waste stack is a 
vertical drainage pipe that extends one or 
more floors and receives the discharge of 
fixtures other than water closets and urinals. 
Stack cleanouts are located at the base of 
waste and soil stacks. A stack cleanout 
is a capped or plugged fitting that allows 
access to a stack for removing a stoppage 
from a pipe. 


Portable laser units are used to ensure drainage piping are installed at the 
proper grade. 
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Waste from fixtures on the lowest 
level of a building can be discharged 
into a building drain branch. A build- 
ing drain branch is a soil or waste pipe 
that extends horizontally from a building 
drain and receives only the discharge 
from fixtures on the same floor as the 
branch. A building drain is the part of the 
lowest piping of a drainage system that 
receives the discharge from soil, waste, 
and other drainage pipes inside the 
walls of a building and conveys it to the 
building sewer. A front main cleanout is 
located on the building drain. 

A front main cleanout is a capped or 
plugged fitting located near the front 
wall of a building where the building 
drain exits the building beginning at least 
1’ outside the foundation footings. The 
front main cleanout provides access to 
the building drain and building sewer if 
a stoppage occurs. 

A building sewer is the part of a drain- 
age system that extends from the end of 
the building drain and conveys its dis- 
charge to the public sewer, private sewer, 
individual sewage-disposal system, or 
other point of disposal. As sewage exits 
the building sewer, it enters a sanitary 
sewer. A sanitary sewer is a sewer that 
carries sewage but does not convey 
rainwater, surface water, groundwater, 
or similar nonpollutional wastes. 

As wastewater and waterborne waste 
exits a fixture and flows to the sanitary 
sewer, air circulates through the drain- 
age system. Vent pipes ventilate the 
drainage system of a building and pre- 
vent trap siphonage and back pressure. 

In some cases, fixtures can be 
vented through individual vents. An 
individual vent is a pipe that vents an 
individual fixture trap and may terminate 
into a branch vent, stack vent, vent stack, 
or the open air. A branch vent is a vent 
pipe connecting two or more individual 
vents to either a stack vent or vent stack. 
A stack vent is the extension of a soil or 
waste stack above the highest horizon- 
tal drain connected to the stack. A vent 
stack is vertical pipe that provides the 


circulation of air to and from a drainage 
system. The air in a drainage system exits 
the building through a vent pipe enclosed 
within a roof jacket. A roof jacket, or roof 
flange, is a jacket or flange installed on 
the roof terminal of a vent stack and stack 
vent to seal the opening so that rainwa- 
ter cannot enter the building around the 
vent pipe. 


The Stormwater 

Drainage System 

A stormwater drainage system is a pip- 
ing system used to convey rainwater or 
other precipitation to a storm sewer or 
other place of disposal. See Figure 1-15. 
Rainwater typically enters a stormwater 
drainage system through roof drains. A 
roof drain is a drain that receives the 
rainwater collecting on a roof surface 
and discharges it into a rainwater leader. 


BUILDING 
STORM SEWER \ 


Stormwater Drainage Systems 


1 — CLEANOUT 


A rainwater leader is a pipe that conveys 
rainwater from a roof to a storm drain 
or other point of disposal. A cleanout 
is typically installed at the base of a 
rainwater leader to allow access if a 
stoppage occurs in the leader. 

If a storm sewer has been installed, 
rainwater flows from the leader and 
into the building storm drain. A build- 
ing storm drain is a building drain that 
conveys rainwater but does not carry 
sewage. Rainwater then flows into the 
building storm sewer. A building storm 
sewer is a building sewer that conveys 
rainwater but does not carry sewage. 
Rainwater flows from the building 
storm sewer and into the municipality 
storm sewer. A storm sewer is a Sewer 
used for conveying groundwater, rain- 
water, surface water, or similar nonpol- 
lutional wastes. 
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Figure 1-15. A stormwater drainage system conveys stormwater from roof drains to a storm sewer or other 


place of disposal. 
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Figure 1-15 
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REVIEVW/ QUESTIONS 


1. Define the terms plumbing and plumbing system. 


2. What invention in the plumbing field received the first patent? In what country? 


os) 


. In what period of United States history were the earliest patents issued on plumb- 
ing equipment? 


4. What is the relationship of the apprentice to the JATC? 

5. What are some typical qualifications that an apprentice plumber must possess? 
6. What are the specifications for a job? 

7. Name the three plumbing systems and briefly describe each. 

8. Explain the purpose of a fixture trap and why it is used in the system. 

9 


. Why must a building drainage system be vented? 
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afe work practices are required at 

a job site to minimize the potential 

for injury. The Occupational Safety 
and Health Administration (OSHA) is a 
federal agency that requires all employ- 
ers to provide a safe environment for 
employees. A safe environment is free 
of hazards and has precautions in place 
to protect employees. 

Employers are responsible for safety 
training for providing job-specific safety 
equipment, and for ensuring that employees 
follow OSHA regulations. Most companies 
have a comprehensive orientation program to 
familiarize employees with applicable safety 
regulations and company standards. Safety 
meetings and/or toolbox talks are frequently 
conducted to discuss current safety topics 
and address employee safety concerns. 


EMPLOYEE 
RESPONSIBILITIES 


Employees must report all accidents and 
safety hazards to the employer or supervi- 
sor. See Figure 2-1. Employees must 


Employee Hazard Reports - 


practice job site safety at all times and 
wear appropriate personal protective 
equipment. If injuries occur, medical as- 
sistance should be immediately obtained. 
All companies establish a substance 
abuse policy that maintains a safe work- 
ing environment and promotes high work 
standards. Substance abuse policies pro- 
hibit employees from working while under 
the influence of illegal drugs, alcohol, or 
other controlled substances. Failure to 
comply with an established substance 
abuse policy may result in employment 
termination, serious injury, or death. 


PERSONAL PROTECTIVE 
EQUIPMENT 


Personal protective equipment (PPE) is 
safety equipment used to protect against 
safety hazards in the work area. Personal 
protective equipment includes protective 
clothing, head protection, eye protection, 
ear protection, hand and foot protection, 
knee protection, and respiratory protec- 
tion. See Figure 2-2. 


“Figure 2-1 


Lincoln Contractors, Inc. 
Employee Hazard Report 


Location (Procedures, Equipment, or Process involved): 


What condition(s) or practice(s) could cause injury or property damage” 


What could be done to improve these conditions or practices? A 


a ee a -e 


— 


Figure 2-1. Employees 
are required to report all 
safety hazards to a super- 


visor immediately. 


to 
=! 


Figure 2-2. Personal pro- 
tective equipment must be 
worn to ensure plumber 
safety. 


Personal Protective Equipment (PPE) ——aafigue 22 O 


EAR PLUGS — ! 


STURDY §& 
CLOTHING - 


$. PROTECTIVE HELMET 


SAFETY GLASSES 


GLOVES 


E -SAFETY SHOES 


Protective Clothing 


Protective clothing made of durable 
material, such as denim, provides pro- 
tection from contact with sharp objects, 
hot equipment, and harmful materials. 
Clothing made of flammable synthetic 
materials must not be worn. 

Protective clothing should be snug, yet 
allow ample movement. Pockets should 
allow convenient access, but should 
not snag on tools or equipment. Soiled 
protective clothing should be washed 
regularly to reduce flammable hazards. 

Loose-fitting clothing and long hair 
must be secured, and jewelry must be 
removed to prevent its getting caught in 
rotating equipment. Metallic watches and 
rings should not be worn since serious 
injury may result if contact is made with 
an electrical circuit. 


Head Protection 


A protective helmet, or a hard hat, is a 
hat made of plastic or metal that protects 
a worker from injury caused by impact, 
falling or flying objects, or electri- 
cal shock. Protective helmets resist 
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penetration and absorb impact force. 
Protective helmet shells are made 
of durable, lightweight material. A 
shock-absorbing lining consisting of 
crown straps and headband keeps the 
shell away from the head to provide 
ventilation. See Figure 2-3. 
Protective helmets are classified by the 
type of impact protection they provide. A 
Type I helmet provides protection from 
blows to the top of the head. A Type II 
helmet provides protection from blows 
to the top and sides of the head. 
Protective helmets are also classified 
by the type of electrical protection they 
provide. Class C (conductive) protective 
helmets are designed for impact protec- 
tion only and may be used only when 
there are no electrical hazards. Class 
G (general) protective helmets protect 
against impact hazards and contact with 
voltages up to 2200 V. These are the most 
common helmets used in manufactur- 
ing, mining, and construction. Class E 
(electrical) protective helmets protect 
against impact hazards and contact with 
high voltages up to 20,000 V. Class E 


protective helmets are used by electri- 
cal workers and maintenance personnel 
subject to electrical hazards. 

Protective helmet manufacturers may 
also elect to test helmets to meet certain 
optional criteria such as reverse donning, 
low temperature, or high visibility. Hel- 
mets that meet reverse donning criteria 
can be worn forward or backward in 
accordance with the manufacturer’s in- 
structions and are marked with a reverse 
donning arrow. Helmets marked with 
an “LT” meet the requirements for safe 
use at low temperatures down to -22°F, 
Helmets marked with an “HV” meet 
chromaticity and luminescence require- 
ments for high visibility colors. 


Protective Helmets 


LABSAFETY SUPPLY INC 
MODEL No YX27175 


ANSI Z»9 | 2008 

CLASS G CLRTIHED 
YPE 

[E] 


SMELL 
HEADBAND 


APPLICATION 
Special service—no voltage protection 
Utility service—high voltage protection 


General service—limited voltage protection 


DESCRIPTION 
reverse donning—can be worn forward 
or backward 


Low temperature—tested for use in 
subzero conditions 


High visibility—meets high-visibility standards 


Lab Safety Supply, Inc 
Figure 2-3. Protective helmets are identi- 
fied by the impact and voltage protection 
they provide. 


Eye Protection 


Eye protection must be worn to prevent 
eye or face injuries caused by flying 
particles, molten metal, chemical liq- 
uids or gases, and radiant energy. Eye 
protection must comply with OSHA 29 
CFR 1926.102, Eye and Face Protection. 
Eye protection standards are specified in 
ANSI Z87.1, Occupational and Educa- 
tional Eye and Face Protection. 


Eye protection includes safety glasses, 
face shields, and goggles. Safety glasses 
are an eye protection device with special 
impact-resistant glass or plastic lenses, 
reinforced frames, and side shields. See 
Figure 2-4. The frames are designed to 
keep the lenses secured in the frame if 
an impact occurs. Side shields provide 
additional protection from flying objects. 


EYE PROTECTION 


TER Required 


General duty or | Safety glasses 


hammering 
Safety glasses or 
goggles and face shield 


Grinding or chipping | 


Chemical use Goggles and face shield 


General overhead 
work or sawing 


Drilling or wire 
brushing 


Soldering or brazing 


Goggles 


Safety glasses or 
goggles 
Tinted goggles* 


* Soldering—No. 2 tinted lens; Brazing—No. 2 or 3 
tinted lens 


Figure 2-4. Appropriate eye protection 
must be worn when performing plumbing 
installations. 


A face shield is an eye and face protec- 
tion device that covers the entire face to 
provide protection from flying objects 
and splashing liquids. Goggles are an 
eye protection device with a flexible 
frame. They are secured on the face with 
an elastic headband. Goggles fit snugly 
against the face to seal the areas around 
the eyes, and may be used over prescrip- 
tion glasses. 

Goggles with clear lenses protect 
against small flying particles or splashing 
liquids. In addition to protecting against 
flying particles and splashing liquids, 
goggles with tinted lenses also protect 
against ultraviolet (UV) rays produced 
during soldering and brazing operations. 

Satety glasses and goggle lenses must 
be properly maintained to provide pro- 
tection and clear visibility. Lens clean- 
ers are available that will clean without 
risk of damage. Pitted or scratched 
lenses reduce vision and may cause 
lenses to fail on impact. 


Eve protection must com- 
ply with OSHA 29 CFR 


E: 926.102. 
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Figure 2-5. A decibel is 
used to express the rela- 
tive intensity of sound. 


Ear Protection 


Power tools and equipment can produce 
excessive noise levels. Plumbers sub- 
jected to excessive noise levels may de- 
velop hearing loss over a period of time. 
The severity of hearing loss depends on 
the intensity and duration of exposure. 
Noise intensity is expressed in decibels. 
A decibel (dB) is a unit of measure used 
to express the relative intensity of sound. 
See Figure 2-5. Ear protection 1s worn 
to prevent hearing loss. 

Ear protection includes earplugs and 
earmuffs. An earplug is an ear protec- 
tion device made of moldable rubber, 
foam, or plastic that is inserted into the 
ear canal. An earmuff is an ear protec- 
tion device worn over the ears. A tight 
seal around an earmuff is required for 
proper protection. 

Ear protection devices are assigned a 
noise reduction rating (NRR) number 
based on the noise level reduced. For 
example, an NRR of 27 means that the 
noise level is reduced by 27 dB when 


tested at the factory. To determine 
approximate noise reduction in the 
field, 7 dB is subtracted from the NRR. 
For example, an NRR of 27 provides a 
noise reduction of approximately 20 dB 
in the field. 


Hand and Foot Protection 
Hand protection is required to prevent 
injuries to hands caused by cuts or 
chemical absorption. The appropriate 
hand protection is determined by the 
duration, frequency, and degree of the 
hazard to hands. Silver Shield® or buty] 
gloves provide protection from primers 
and ‘solvent cements, resist puncture, 
and allow good dexterity. 

WARNING: Always wear appropriate 
gloves when working with plastic pipe 
primers and solvent cements. 

Cloth gloves should be worn during 
soldering and threading operations. 
Snug-fitting gloves must be worn when 
working around moving parts and equip- 
ment. See Figure 2-6. 


SOUND LEVELS 
Decibel 
(dB) DS O (Pame 

140 Deafening 
130 Pain threshold Jet airplane taking off, air raid siren, 
120 Feeling threshold locomotive horn 
110 Uncomfortable 
100 Very loud Chain saw 

90 Noisy Shouting, air horn 

80 Moderately loud Vacuum cleaner 

70 Loud Telephone ringing, loud talking 

60 Moderate Normal conversation 

50 Quiet Hair dryer 

40 Moderately quiet Refrigerator running 

30 Very quiet Quiet conversation, broadcast studio 
20 Faint Whispering 

10 Barely audible Rustling leaves, soundproof room, 

human breathing 
0 Hearing threshold Intolerably quiet 
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GLOVES 


Primers 


Disposable Silver Shield‘ 


Solvent 
Cements 


Applications 


Soldering and 


Brazing General Duty 


Disposable Butyl 


Cloth 


SLIP-RESISTANT 
SOLES -SS 


REINFORCED 
STEEL TOE 


SAFETY SHOES 


Foot injuries are typically caused by 
objects falling less than 4’ and having 
an average weight of 65 Ib. Safety shoes 
with reinforced steel toes protect against 
injuries caused by compression and im- 
pact. Some safety shoes have protective 
metal insoles and metatarsal guards for 
additional protection. Synthetic rubber 
boots are commonly worn during sewer 
or factory work to protect feet or footwear 
from exposure to chemicals. Protective 
footwear must comply with ANSI 241, 
Personal Protection Protective Footwear. 


Back Protection 


Back injury is one of the most common 
injuries resulting in lost time in the 
workplace. Most back injuries are the 
result of improper lifting procedures. 
Back injuries are prevented through 
proper planning and work procedures. 
Assistance should be sought when 
moving heavy objects. When lifting 
objects from the ground, ensure the 
path is clear of obstacles and free of 
hazards. See Figure 2-7. Bend the 


knees and grasp the object firmly. 
Next, lift the object, straightening the 
legs and keeping the back as straight 
as possible. Finally, move forward after 
the whole body is in the vertical position. 
Keep the load close to the body and keep 
the load steady. 

Long objects, such as pipe, may not 
be heavy, but the weight might not be 
balanced and should be carried by two 
or more people. When carried on the 


Figure 2-6. Gloves and 
safety shoes protect 
plumbers from direct ex- 
posure to splashing liq- 
uids and chemicals and 
falling objects. 


E 


f ‘cm ads nm ia MATOTO 
0 


Earplugs are made of moldable rubber, foam, or plastic and are inserted 


into the ear canal. 
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Figure 2-7. Lifting an object 
with the legs reduces the 
possibility of a back injury. 


Proper Lifting 
Lo. Sr 


G) BEND KNEES AND GRASP OBJECT 
FIRMLY 


KEEP BACK 
SIRARI 


LIFT OBJECT BY STRAIGHTENING 
LEGS 


(3) MOVE FORWARD AFTER WHOLE 
~~ BODY IS IN VERTICAL POSITION 


LE 
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shoulder by one person, pipe should be 
transported with the front end pointing 
downward to minimize the possibility of 
injury to others when walking around cor- 
ners or through doorways. See Figure 2-8. 


Pipe Transportation 


Eo- END 


LEVEL WITH 
WAISTLINE 


Figure 2-8. When carried on the shoulder 
by one person, pipe should be trans- 
ported with the front end down. 


Knee Protection 


Plumbers spend considerable time work- 
ing on their knees in close areas. When 
plumbers must work on their knees for 
proper access to work, they should wear 
knee pads to prevent knee injuries. A knee 
pad is a rubber, leather, or plastic pad 
strapped onto the knee for protection. 
Buckle straps or Velcro® closures secure 
knee pads in place. See Figure 2-9. 


Knee Pads 


A 
BUCKLE STRAP 


VELCRO® 
CLOSURES ' 


The Stanley Works 
Figure 2-9. Knee pads provide protec- 
tion and comfort to plumbers who spend 
considerable time working on their knees. 


Respiratory Protection 


Respiratory protection is required to pro- 
tect against airborne chemical hazards. A 
chemical hazard is a solid, liquid, or gas 
that exerts toxic effects by inhalation, 
absorption, or ingestion. The effects of 
chemical hazards vary depending on 
how they are introduced into the body. 
For example, some chemicals are toxic 
through inhalation; others are toxic by 
absorption through the skin or through 
ingestion. Some chemicals are toxic by 
all three routes and may be flammable 
as well. Vapors from cleaners, primers, 
and solvent cements, or dust from sawing 
or drilling concrete may be encountered 
on the job site. The degree of risk from 


exposure to any given substance depends 
on the nature and potency of any toxic 
effects and the magnitude and duration 
of exposure. The respiratory protection 


A chemical hazard causes 


toxic effects by inhalation, 


required is determined by the hazards of | absorption, or ingestion. 
the chemical. See Figure 2-10. 


TOOL AND 
EQUIPMENT SAFETY 


Plumbers use a variety of hand tools and 
power equipment to prepare and install 
pipe, fittings, fixtures, and appliances. 
Small tools, such as pliers and steel tapes 
(rulers), are typically furnished and main- 
tained by the plumber. Larger tools, such 
as all power tools, wrenches, and cutting 
tools, are supplied by the contractor. 


RESPIRATORS — 
Air-Purifying 


Suggested Use 


Low profile, lightweight, designed for limited use; low-cost protection 
against dusts, mists, and fumes (not for mists containing gases, 
vapors, or nonabsorbed contaminants); completely disposable; no 
cleaning or spare parts required 


Respirator 


Disposable particulates 
mask 


Lightweight, easy to maintain, very little restriction of movement or 
vision; uses replaceable cartridges and filters; limited number of 
parts; protects against chemical hazards such as dust, fumes, mists, 
and vapors 


Reusable half-mask 
respirator 


T Offers greater eye and face protection than half-mask; uses 

Reusable full-face replaceable cartridges and filters; easy to maintain (no intricate parts); 
respirator protects against chemical hazards such as dusts, fumes, mists, and 
vapors 


Cooler, less exhausting for worker; provides easier breathing for 
higher productivity; uses cartridges or filters; face- or belt-mounted 
with a battery for power, includes air blower that pulls air through the 
catridges and filters into the face piece 


Powered air-purifying 
respirator (PAPR) 


Uses outside air source to keep worker cooler and offers greater 
protection than an air-purifying respirator; available in two styles; 
constant flow and pressure demand; uses Grade D air supply from 
ambient air pump, plant compressor, or bottled air; not for use in 
IDLH situations, or where the oxygen content is less than 19.5% 


Airline respirator 
(Supplied Air) 


ie 


Provides greatest protection available; pressurized bottle of air is 
carried on worker's back; for use in oxygen-deficient atmospheres, 
IDLH, and emergency situations; available in two different types of 
cylinders: aluminum and composite; provides good mobility with few 
restrictions because air source is carried on back 


Self-contained breathing 
apparatus (SCBA) 


For use in escape situations only; IDLH and oxygen deficiency; 
service life depends on a 5 to 10 min bottle of air; not designed for 
rescue use 


Emergency escape 
breathing apparatus 
(EEBA) 


Lab Safety Supply. Inc 
Figure 2-10. Respirators are selected for specific contaminants and concentrations that may be present in the 
atmosphere. 
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The safe use of hand tools 
and power equipment 
reduces the chance of 
accidents occurring. 


Figure 2-11. Pipe wrench 
jaws should face the direc- 
tion of pulling force with the 
pipe centered in the jaws. 


Hand Tool Safety 


Hand tools must be operated safely; to 
ensure safe use and to prevent damage to 
tools, they must be properly maintained. 
Proper techniques, good work habits, 
and personal protective equipment must 
all be used to prevent possible injury. 
Hand tools are typically designed for the 
efficient and safe completion of a spe- 
cific task. For example, a pipe wrench is 
designed to tighten pipe and fittings. See 
Figure 2-11. Hand tools should only be 
used for their intended purpose. 


Pipe Wrench Operations 


PIPE CENTERED 
IN JAWS — 


L DIRECTION OF PULL 


Figure 2-11 


The safe use of hand tools reduces hand 
tool accidents. Hand tool safety includes 
the following: 

e Point cutting tools away from the body 
during use and transportation. 


* Fasten or tie off toolboxes on elevated 
surfaces to prevent tools from falling. 

e Organize tools to protect and conceal 
sharp cutting surfaces. 

e Transport sharp tools in a sheath or 
with the blade pointed down. 


e Operate tools according to manufac- 
turer recommendations. 


e Keep tools sharp and in proper work- 
ing order. 

e Repair or replace damaged or broken 
tools. 


e ‘Transport hand tools in toolboxes or tool 
belts. Do not carry tools in pockets. 
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Power Equipment Safety 
Power equipment is powered by an 
electric motor, internal combustion en- 
gine, or hydraulic or pneumatic system. 
Power equipment should be used only 
for the purpose for which it is designed, 
and must be safely operated and prop- 
erly maintained to reduce accidents. 
Power equipment safety includes the 
following: 

e Wear appropriate personal protective 

equipment. 


e Follow all manufacturer operating 
procedures. 


e Use UL” (Underwriters Laboratories) 
or CSA (Canadian Standards As- 
sociation) approved power tools and 
equipment. 


e Use double-insulated power equip- 
ment or equipment with a third con- 
ductor grounding terminal to provide 
a path for fault current. 


e Ensure the power switch is in the OFF 
position before connecting equipment 
to a power source. 


e Ensure that all safety guards are in 
position before starting. 


e Arrange cords and hoses to prevent 
trips or falls. 


e Stand clear of power equipment dur- 
ing operation and keeping hands and 
arms away from moving parts. 


ELECTRICAL SAFETY 


OSHA regulations minimize the haz- 
ards associated with electrical tools and 
equipment. Improper procedures with 
electrical tools and equipment can result 
in electrical shock. Electrical shock is 
the condition that results when a body 
becomes part of an electrical circuit. Safe 
work habits and use of proper personal 
protective equipment are required to 
prevent electrical shock when working 
with or in proximity to electrical devices. 
Electrical shock effects vary from a mild 
tingling sensation to death. The sever- 
ity of electrical shock depends on the 


amount of electrical current, measured 
in milliamps (mA), that flows through 
the body; the length of time the body is 
exposed to the current flow; the path the 
current takes through the body; and the 
physical size of the body through which 
the current passes. See Figure 2-12. 


Extension Cords 


An extension cord is temporary wiring 
used to supply power to portable elec- 
tric tools and equipment. Heavy-duty, 
three-wire extension cords must be used 
for tools and equipment. See Figure 2-13. 
Visually inspect extension cords each day 
for external damage such as deformed or 
missing prongs, damaged insulation, or 
indications of possible internal damage. 


XIMAT 
o EFFECT ON BODY' 


Safety precautions when using extension 

cords include the following: 

e Do not use frayed extension cords or 
use electrical tape to make repairs. 


e Use extension cords that have a 
grounding conductor and ground prong 
(3-wire type). 


e Protect extension cords that pass 
through doorways or other pinch points 
from damage. 


e Do not run extension cords through 
holes in walls, ceilings, or floors. 


¢ Donot conceal extension cords behind 
walls, ceilings, or floors. 


¢ Do not use extension cords that are for 
temporary use only as a substitute for 
the permanent wiring of a structure. 


over 20 


15-20 


Salts) 


8 or less 


*in MA 


CURRENT 


1000 mA 3 


50 mA — 


15 mA-20 mA 
8 mA-15 mA 
0 mA-5 mA 


1mA 
OmA 


Causes severe muscular contractions, paralysis of breathing, 
heart convulsions at 50 mA 


Painful shock; may be frozen or locked to point of electrical 
contact until circuit is deenergized 


Painful shock; removal from contact point by natural reflexes 


Sensation of shock but probably not painful 


CURRENT IN 100 W LAMP CAN ELECTROCUTE 20 ADULTS 


HEART CONVULSIONS; USUALLY FATAL 


PAINFUL SHOCK; INABILITY TO LET GO 
PAINFUL SHOCK; NATURAL REFLEXES RELEASE PERSON 
SAFE VALUES 


NO SENSATION 
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Figure 2-12. Electrical 
shock results any time a 
body becomes part of an 
electrical circuit. 


Figure 2-13. Heavy-duty, 
three-wire extension cords 
must be used for tools and 
eguipment. 


Heavy-Duty, Three-Wire Extension Cord ees Figure 2-13 | 
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Ground Fault Circuit 
Interrupters 

A ground fault circuit interrupter (GFCT) 
is a device that protects against electri- 
cal shock by detecting an imbalance of 
current in normal conductor pathways 
and opening the circuit. When current 
in the two conductors of an extension 


DO NOT Pic.. 
OPERATE g mee 


MY UFE 


Lockouts and tagouts are applied to equipment to prevent injury from en- 
ergized circuits and equipment operation during maintenance and repair. 
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cord varies by more than 5 mA, a GFCI 
opens the circuit. A GFCI is rated to trip 
quickly enough—in as little as Y%4o of a 
second—to prevent electrocution. 

A GFCI protects against the most com- 
mon form of electrical shock hazard—the 
ground fault. A GFCI, however, does 
not protect against line-to-line contact 
hazards, such as a plumber holding 
two “hot” wires or a hot and a neutral 
wire in each hand. GFCI protection is 
required in addition to OSHA ground- 
ing requirements. 

Tripping (interruption of current 
flow) of a GFCI may be caused by wet 
connectors and tools. Limit exposure 
of connectors and tools to excessive 
moisture by using watertight or seal- 
able connectors. Providing more GFCIs 
or shorter circuits can also prevent trip- 
ping caused by the cumulative leakage 
from several tools or by leakage from 
extremely long circuits. 


The most common type of GFCI 
used on a job site is a portable GFCI. 


Portable GFCIs are designed to be easily 
moved from one location to another. See 
Figure 2-14. Portable GFCIs commonly 
contain more than one receptacle outlet 
protected by the module (electronic 
circuit). GFCIs incorporate a no-voltage 
release device that disconnects power 
to the outlets if any current imbalance 
exists between the circuit conductors. 
Portable GFCIs should be inspected 
and tested before each use. GFCIs have 
a built-in test circuit to ensure that the 
ground fault protection is operational. 


TRENCH SAFETY 


The water service and building sewer are 
installed below ground level in trenches. 
In cold climates, trenches extend below 
the frost line to prevent the water service 
from freezing. A trench is a narrow ex- 
cavation made below the surface of the 
ground. The depth of a trench is greater 
than the width, but the width is typically 
less than 15’, 

Trenches deeper than 5’ in hard, 
compact soil or less than 5’ deep in soft, 
unstable soil must be stabilized by slop- 
ing or benching the face of the trench 
walls or by installing shoring to prevent 
cave-ins. The angle of repose is the great- 
est angle above the horizontal plane at 
which a material will lay without sliding. 


Portable GFCIs = 


GROUND, 


See Figure 2-15. Angles of repose vary 
depending on the type of soil encountered 
on the job site. 

Soil types are classified as granular, 
cohesive, and highly cohesive. Granular 
soil is soil consisting of gravel, sand, 
or silt with little or no clay content. 
Granular soil has no cohesive strength 
and crumbles when dry. Cohesive soil 
is clay or soil with a high clay content. 
Cohesive soil has cohesive strength and 
will not easily crumble. Highly cohesive 
soil is soil in which gravel or rock par- 
ticles are held together with cohesive 
particles. A highly cohesive soil sample 
cannot be crushed into powder or par- 
ticles by finger pressure. 


Trench Failures 


Trenches must be adequately supported 
to ensure worker safety. A trench may 
fail due to instability of the trench bot- 
tom. The bottom of a trench may heave 
because of pressure from the sidewall 
weight, or surface water may boil up into 
the bottom of the trench, filling it with 
mud and water. Another cause of trench 
failure is the sidewalls toppling or 
sliding into the trench. A trench may also 
fail because of stresses and deformation 
where the middle or bottom of the trench 
walls bulge and fail. See Figure 2-16. 


Figure 2-14 


< TEST/RESET 
BUTTONS 


|. ~~ RECEPTACLE 
OUTLET 


COVERS 


a 
Excavations and trenches 
are covered in OSHA 29 
CFR 1926 Subpart P, 


| Excavations. 


Figure 2-14. A portable 
GFCI compares the 
amount of current in the 
hot or ungrounded con- 
ductor with the amount 
of current in the common 
or grounded conductor 
and immediately breaks 
the circuit if a difference 
greater than 5 mA exists. 
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Sloping/Benchi 


Figure 2-15 
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BENCHING 


NON-HOMOGENOUS SOILS 
REQUIRE SHORING AND BRACING. 


THE PRESENCE OF GROUND WATER 
REQUIRES SPECIAL TREATMENT. 


ORIGINAL 
GRADE LEVEL 


Figure 2-15. Sloping and benching are used to prevent trench cave-ins. 


Trench failures typically occur in stages, 
starting with a bulging of the soil near 
the trench wall base. The failure near 
the base causes the wall to quickly erode 
and collapse. 

In addition to a failure of the trench 
itself, there are dangers from spoils (ex- 
cavated material) falling back into the 
trench. The plumber may also face danger 
from a fall when entering or leaving the 
trench or may encounter toxic fumes and/ 
or gases in the trench, such as equipment 
exhaust fumes and sewer gas. 


Shoring 


Shoring is the use of wood or metal mem- 
bers to temporarily support soil or con- 
struction materials. The shoring method 
is determined by the requirements of the 
job site in compliance with the regulations 
of the authority having jurisdiction (AHJ). 
Shoring includes vertical shoring, walers, 
steel soldier piles and wood lagging, and 
wood shoring. See Figure 2-17. 

Vertical shoring is shoring that uses op- 
posing vertical structural members separated 
by screwjacks or hydraulic or pneumatic 
cylinders (cross braces). Vertical shoring 
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is available as aluminum components that 
are installed and removed from the top of 
the trench. Vertical shoring is commonly 
installed and removed by one worker and 
used in soil with good cohesion. Shields 
made from fiberglass, wood, or metal placed 
between the vertical structural members and 
the soil provide additional protection. 

A waler is a horizontal support member 
used to retain trench sheet piling. Walers 
Support a variety of retaining members 
and are used in unstable soil. Waler shor- 
ing systems are installed and removed 
by hand or with excavation equipment. 
Waler shoring systems are used to pro- 
vide support in large expanses. 

Large, deep excavations often require 
the use of steel soldier piles and wood lag- 
ging or wood shoring. A soldier pile is a 
vertical steel H-beam that is driven into the 
ground. Lagging is a set of wood planks 
placed between steel soldier piles to retain 
earth on the side of a trench or excavation. 
Wood shoring is shoring that uses wood 
components for stringers, braces, and pil- 
ing. Wood shoring must be properly sized 
to provide adequate protection. Trench 
jacks may be used instead of braces. 


Figure 2-16. Trench fail- 
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Shielding 

Shielding is the use of a portable protec- 
tive device capable of withstanding cave- 
in forces. A trench box is a reinforced 
assembly consisting of two plates held 
apart by spacers; it is used to prevent the 
sides of a trench from collapsing into the 
work area. Trench boxes are made from 
steel, concrete, or wood and are moved 
along the trench as work progresses. 
Trench boxes allow excavation and back- 
filling to occur while work is being done 
within the box. See Figure 2-18. 


Trench boxes are used in stable or Sloping is used in trenches and excavations to prevent earth banks from 
unstable soil. In stable soil, a trench is collapsing. 
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Figure 2-17. Shoring systems provide temporary support to prevent soil and/or construction materials from 
caving into a trench. 


excavated to the proper grade and slightly Trench Safety Precautions 
wider than the width of the trench box. Shoring and shielding minimize safety haz- 
The trench box is placed in the trench and ards in trenches. Trench safety precautions 
excavation is continued in front of the box. and considerations include the following: 
The trench box is pulled forward and the e Ensure that excavated soil, machinery, 
trench is backfilled as work progresses. In and other materials are at least 2’ away 
unstable soil, the trench is excavated until from the edge of the trench. 

the soil does not crumble into the trench. 


The trench box is placed in the excavated * Mark the location of electric, tele- 


area and each end is alternately pushed phone, communication, and gas lines, 
down until it reaches the proper grade. to prevent damage during trenching. 
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Trench Boxes 


— EXCAVATION EQUIPMENT 


— TRENCH BOX ’ 


Figure 2-18. Trench boxes provide 
cave-in protection and are moved by the 
trenching equipment as work progresses. 


e Comply with all OSHA and AHJ re- 
quirements. A ramp, runway, ladder, 
or stairway must be located within 25’ 
of an employee work area if a trench 
is 4’ or more in depth to provide a 
means of access or egress in case of 
an emergency. 


e Watch for vibration and increased lat- 
eral pressure on trench sidewalls such 
as soil vibrating loose when vehicles 
travel close to trench walls. 


e Ensure adequate removal of engine 
exhaust in trenches. Carbon monoxide 
is heavier than air and can accumulate 
in low, enclosed areas. Internal com- 
bustion engines also consume oxygen, 
which can lead to oxygen-deficiency 
health hazards in an enclosed trench. 


* Do not work in trenches containing 
water or in trenches where water is 
accumulating unless adequate precau- 
tions have been taken. 


e Provide support systems such as shor- 
ing and bracing where the stability of 
adjoining buildings, walls, or other 
structures is endangered by trenching 
operations. 


LADDERS 

A ladder is a structure consisting of two 
side rails joined at intervals by steps or 
rungs for climbing up and down. Ladders 


are manufactured in 3’ to 50’ lengths and 
are constructed of fiberglass, wood, or 
metal. All ladders, regardless of the con- 
struction material, are manufactured to 
meet the same standards. Ladders include 
fixed, single, extension, and stepladders. 
See Figure 2-19. 


Fixed Ladders 


A fixed ladder is a ladder that is per- 
manently attached to a structure, tank, 
or vault. Fixed ladders are commonly 
constructed of steel or aluminum. 
Fabrication of a fixed ladder, including 
design, materials, and welding, must be 
done under the supervision of a quali- 
fied licensed structural engineer. 


Single Ladders 


A single ladder is a ladder of fixed 
length having only one section. Single 
ladders are available in 6’ to 24’ lengths. 
Single ladders have limited versatility 
because a ladder of given length may 
be safely used only within a fixed height 
range. 


Extension Ladders 


An extension ladder is an adjustable- 
height ladder with a fixed bed section 
and sliding, lockable fly section(s). The 
bed section is the lower section of an 
extension ladder. The fly section is the 
upper section of an extension ladder. A 
pawl lock is a pivoting hook mechanism 
attached to the fly section of an exten- 
sion ladder to hold the fly section at the 
desired height. 

Fly sections are raised and lowered 
with the use of a halyard. A halyard 
is a rope used for hoisting or lowering 
objects. A halyard must be a minimum 
of 3%” in diameter with a minimum 
breaking strength of 825 Ib. The halyard 
is threaded through the pulley attached 
to the top rung of the bed section. One 
end of the rope is attached to the bottom 
rung of the fly section and the other end 
is typically attached to the bottom of 
the bed section. 
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Figure 2-19. A ladder consists of two side rails joined at intervals by steps or rungs for climbing up and down. 
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Raising Ladders. Raising a ladder in- 
volves a smooth, proper, and safe opera- 
tion. Care must be taken before raising a 
ladder to ensure that electrical equipment 
or conductors are not present. Single or 
extension ladders may be raised with the 
ladder tip away from the building or with 
the ladder tip against the building. See 
Figure 2-20. 

To raise a ladder with the ladder tip away 
from the building, place the butt end of the 
ladder against the building with the fly sec- 
tion retracted. Grasp the rung at the ladder 
tip with both hands. Raise the tip and walk 
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under the ladder, grasping succeeding lower 
rungs while walking toward the building. 
When the ladder is erect, hold the ladder 
against the wall by applying force with 
one hand at about eye level. Place one foot 
approximately 10” to 12” in front of one of 
the ladder legs. Use the free hand to apply 
an upward pressure and an outward pull to 
slide the butt of the ladder to the foot. This 
procedure is repeated until the ladder is 
in the approximately correct position and 
angle. Adjust the fly section for the proper 
height and readjust the ladder as necessary 
for the proper angle. 


To raise a ladder with the ladder tip 
against the building, place the ladder 
on the ground with the tip against 
the building and the fly section fully 
retracted. Standing with your back to 
the wall, lift the ladder tip while pull- 
ing the butt end toward the wall. The 
ladder tip remains against the wall 
while repositioning for another lift 
and pull. This procedure is repeated 
until the ladder is in approximately the 
correct position and angle. Adjust the 
fly section for the proper height and 
readjust the ladder as necessary for the 
proper angle. Never attempt to raise 
long extension ladders alone. At least 
two people are required to raise long 
extension ladders into’ position, with 
one person on each side of the ladder. 


Extension Overlap and Height. Exten- 
sion ladders must have positive stops to 
prevent overextension of the fly section. 
The overlap of the fly section must be at 
least 3’ for extension ladders up to 36’, 
4’ for extension ladders over 36’ and up 
to 48’, and 5’ for extension ladders over 
48’ and up to 60’. 

Extension ladders are positioned on a 
4:1 ratio or approximately a 75° angle 


Raising Ladders — 


LADDER TIP AWAY 
FROM BUILDING 


of inclination. For every 4’ of working 
height, 1’ of space is required at the base. 
Working height is the distance from the 
ground to the top support of a ladder. 
The fop support is the area of a ladder 
that makes contact with a structure. For 
example, a ladder supported 12’ above 
the ground should be placed with the 
butt end 3’ from the top support vertical 
line. See Figure 2-21. The tip of a single 
or extension ladder should be secured 
at the top to prevent slipping and must 
be at least 3’ above the roofline. trench 
wall, or top support. Ladders over 15’ 
should also be secured at the bottom. 
Never stand on the top three rungs of 
a single or extension ladder. 


Stepladders 


A stepladder is a folding ladder that 
stands independently of support. Step- 
ladders are available in 2’ to 12’ lengths. 
Stepladders are easily portable and pro- 
vide adequate working height for many 
applications. Never lean out or reach 
to one side of a stepladder; reposition 
the stepladder so the work area can be 
easily and conveniently reached. Never 
stand on the top two steps of a steplad- 
der, since there is no support and it is 
easy to lose balance. 


Figure 2-20 


LADDER TIP AGAINST 
BUILDING 
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A tool belt may be worn 
when ascending and de- 
scending a ladder. Oth- 
er tools and materials 
Should be hoisted when 
the working elevation 


has been reached. 


Figure 2-20. Single or 
extension ladders are 
raised with the lad- 
der tip away from or 
against the building. 
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Figure 2-21. Extension 
ladders are positioned at 
a 4:1 ratio. 
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Ladder Regulations and 
Standards 


Regulations and standards for the use, de- 
sign, and testing of ladders are published 
by various federal, state, and standards 
organizations. OSHA publishes federal 
industry standards for ladders in OSHA 
29 CFR 1926 1053. Ladders. ANSI 
publishes standards for ladders in ANSI 
A14.1, Ladders—Portable Wood, Safety 
Requirements for, ANSI A14.3, Ladders- 
Fixed—Safety Requirements; and ANSI 
A14.5, Ladders—Portable Reinforced 
Plastic—Safety Requirements. 


Ladder Duty Ratings. Ladder duty 

rating is the weight a ladder is designed 

to support under normal use. The four 

ladder duty ratings are: 

e Type [AA—Special-duty, industrial, 
375 |b capacity 


e Type [A—Extra heavy-duty, indus- 
trial, 300 Ib capacity 

e Type I—Heavy-duty, industrial, 250 Ib 
capacity 

* Type II—Medium-duty, commercial. 
225 lb capacity 

e Type IH — Light-duty, household, 200 lb 
capacity 

All ladders must be used only for the 
purpose for which they are designed. 
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Ladder Climbing Techniques 


Ladder climbing may begin only after 
a ladder is resting on a firm, level sur- 
face, and is properly secured. Climb- 
ing movements should be smooth and 
rhythmical to prevent ladder bounce 
and sway. Safe climbing employs the 
three-point contact method. In the 
three-point contact method, the body 
is kept erect, the arms straight, and the 
hands and feet make the three points of 
contact. Two feet and one hand or two 
hands and one foot are in contact with 
the ladder rungs at all times. Each hand 
should grasp the rungs with the palm 
down and the thumb on the underside 
of the rung. Upward progress should be 
caused by the push of the leg muscles 
and not the pull of the arm muscles. 
When climbing, tools, pipes, or fittings 
must be secured in a pouch and raised 
or lowered with a rope. 


Ladder Safety 


Proper ladder maintenance is required to 

provide a safe climbing support. See Fig- 

ure 2-22. Safety precautions that should 

be observed when using ladders include 

the following: 

* Inspect ladders carefully when new 
and before each use. 


en RA ma 


e Use leg muscles, and face ladders, 
when ascending and descending them. 


e Exercise caution when using ladders 
near electrical conductors or equip- 
ment. All ladders conduct electricity 
when wet. 


e Use ladders only for the purpose for 
which they were designed. Never use 
a ladder for horizontal work or as a 
substitute for a scaffold. 


e Always check for the proper angle of 
inclination betore climbing a ladder. 


e Verify that pawl locks on extension 
Jadders are securely hooked over 
rungs before climbing. 


e Always check for proper overlap 
of extension ladder sections before 
climbing. 


e Keep all nuts, bolts, and fasteners 
tight. Lubricate all moving metal parts 
as required. 


Three-Point Contact Method . 


e Ensure that stepladders are fully open 
with spreaders locked before climbing. 


e Never place a ladder in front of a door 
unless appropriate precautions have 
been taken. 


AERIAL LIFTS 


An aerial lift is a piece of extendable 
and/or articulating equipment designed 
to position personnel and/or materials in 
elevated locations. Self-propelled aerial 
lifts include scissors, articulating Z-boom, 
and extendable S-boom lifts. See Figure 
2-23. A scissors lift is an aerial lift in 
which the work platform is raised and 
lowered by mechanical scissors action 
using an electrical or hydraulic power 
source. An articulating Z-boom lift is an 
aerial lift in which the work platform or 
bucket is raised and lowered through two 
or more hinged sections. An extendable S- 
boom lift is an aerial lift in which the work 
platform or bucket is raised and lowered 
by a telescoping arm. 


Figure 2-22 


Figure 2-22. To ascend or 
descend a ladder safely, 
use the three-point con- 
tact method, in which one 
hand and two feet or two 
hands and one foot are in 
contact with ladder rungs 
at all times. 
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Figure 2-23. Self-pro- 
pelled scissors and boom 
lifts are used to lift person- 
nel to appropriate working 
heights. 
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WARNING: Front-end loaders, forklifts. 
or other material-lift equipment must not be 
used to transport plumbers to elevated loca- 
tions or be used as work platforms. 

Hard hats and required fall-protection 
equipment must be worn while working 
on an elevated work platform or bucket of 
an aerial lift. Loose-fitting clothing should 
not be worn while working in an aerial lift. 

Aerial lifts should be inspected and tested 
daily before use. When using an articulat- 
ing Z-boom or extendable S-boom lift, a 
worker qualified in the operation of the 
ground controls must be stationed at the 
ground controls. Ground controls must 
not be operated without the authorization 
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of the elevated worker, except during 
emergencies. 

Elevated work platforms have a guard- 
rail, midrail, and toeboard, and a means 
for each person to attach a safety belt 
or full body harness and lanyard to the 
platform. A guardrail is a rail secured to 
uprights and erected along the exposed 
sides and ends of a platform. Guardrails 
must be installed no less than 36” or 
more than 42” high, with a midrail. A 
midrail is a rail secured to uprights ap- 
proximately midway between a guardrail 
and platform. A toeboard is a barrier 
secured along the edges of a platform to 
keep tools and other objects from falling. 


Each worker on the platform must use 
a safety belt or full body harness and 
lanyard and must keep both feet on the 
floor of the platform at all times. 


Aerial Lift Safety 


OSHA regulations require that an aerial 
lift be operated by a qualified person. A 
qualified person is a person who has special 
knowledge, training, and experience in per- 
forming specified duties. OSHA 29 CFR 
1926.1053, Aerial Lifts; OSHA 29 CFR 
1910.66, Powered Platforms for Building 
Maintenance; and ANSI A92.2. Vehicle- 
Mounted Elevating and Rotating Aerial 
Devices provide additional information 
regarding the safe use of aerial lifts. Aerial 
lift safety procedures include the following: 
e Have only a trained and qualified person 
operate an aerial lift. 


e Wear a body belt or harness and at- 
tach a lanyard to the work platform or 
basket when working from an aerial 
lift. Employees must not attach them- 
selves to an adjacent pole, structure, 
or equipment. 


e Do not sit or climb on the edge of the 
aerial lift basket or on the rails of an 
elevated work platform. 

¢ Set brakes on aerial lifts during use. If so 
equipped, outriggers must be positioned 
on pads or solid surfaces. 


¢ Donot move an occupied aerial lift with 
an elevated work platform or bucket 
unless the equipment is specifically 
designed for such work. 


e Have clearly visible flashing warning 
lights on aerial lifts exposed to traffic. 


¢ Do not operate aerial lifts with any por- 
tion of the lift closer than 10’ from live 
overhead electrical lines. 


SCAFFOLDS 


A scaffold is a temporary or movable 
platform and structure for workers to 
stand on when working above floor level. 
A scaffold generally consists of metal or 
wood planks and metal bracing. Scaf- 
fold footing must be sound and stable 


Genie Industries 
Single-person aerial lifts provide easy maneuverability and are ideal for 
installation and repair operations. 


and must not settle or displace while 
carrying the maximum intended load. 
The maximum intended load is the total 
of all loads, including the working load, 
the weight of the scaffold, and any other 
loads that may be anticipated. Scaffolds 
and their components must be capable of 
supporting at least four times their maxi- 
mum intended load. All scaffolds 10’ or 
more above ground must have guardrails, 
midrails, and toeboards. 


Sectional Metal-Framed 
Scaffolds 

A sectional metal-framed scaffold, or 
tube-and-coupler scaffold, is a metal 
scaffold consisting of preformed tu- 


Š Scaffolds must be in- 
bular sections and components. See spected by a qualified 


Figure 2-24. Sectional metal-framed person after they have 
scaffolds are mobile or freestand- been assembled accord- 


ing. A mobile scaffold is a sectional ing to manufacturer in- 
metal-framed scaffold equipped with structions and before the 
casters that is moved along a pipe run | scaffold is used. 

during installation. A mobile scaffold ` 

may be moved with a plumber on the 

platform if the plumber is advised and 

aware of each movement in advance 

and proper precautions are taken. 
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Figure 2-24. Sectional 
metal-framed scaffolds 
consist of preformed tu- 
bular sections and other 
components. 
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LOCKABLE 


— BASE DIMENSION CASTERS 


AT LEAST 2 OF 
HEIGHT DIMENSION 


MOBILE 


The minimum base dimension, when ready 
for rolling, must be at least one-half of the 
height. Outriggers may be included as part 
of the base dimension. 

All tools and materials must be removed 
or secured on the platform before a mobile 
scaftold is moved. The surface over which a 
mobile scaffold is moved must be free from 
pits, holes, or obstructions that can create an 
unsafe condition and must also be within 14° 
of level. After the scaftold has been moved, 
the casters must be locked to prevent move- 
ment while the scaffold is being used. 

When used as a freestanding unit, the 
height of a metal-framed scaffold must 
not exceed four times its minimum base 
dimension. Outriggers are sometimes used 
to increase the base dimension of a scaffold. 


Scaffold Regulations and 
Standards 

OSHA regulations require that a scaffold 
be erected or dismantled only under the 


supervision of a competent person quali- 
fied in scaffold erection and dismantling. 
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A qualified person is a person who has 
special knowledge, training, and expe- 
rience in performing specified duties. 
OSHA 29 CFR 1926 Subpart L, Scaf- 
folds, and 1926.451, Scaffold General 
Requirements, provide information. 
ANSI Standard A10.8, Safety Require- 
ments for Scaffolding, provides addi- 
tional information regarding the safe use 
of scaffolds. 


Scaffold Safety 


OSHA regulations require that scaffolds 

be erected. moved, altered. or dismantled 

only under the supervision of a qualified 
person. Scatfold safety precautions include 
the following: 

e Always observe working load limits; 
scaffolds must be capable of support- 
ing four times the maximum intended 
load. 


e Install guardrails, midrails, and toeboards 
on all open sides and ends of platforms 
more than 10’ above the ground. 


e Position platform planks with open- e Advise all personnel in close proximity 
ings between adjacent planks no of a mobile scaffold before moving it. 


” 
greater than 1”. e Use fall protection on working heights 


e Provide overhead protection for per- of more than 10°. 
sons on a scaffold exposed to over- e Use safety nets at any level over 25’ 
head hazards. when plumbers are not otherwise pro- 


tected by harnesses or other approved 


¢ Do not work on scaffolds during high À i 
fall protection. 


winds or storms or when the platform 
is ice-covered or slippery. e Use safety nets that restrict falling 
objects when persons are permitted 


e Use guylines to restrain scaffolds with Gemerneath anaE area 


a height-to-base ratio of more than 4:1. 


e Lock mobile scaffolds in position Scaffold Fall Protection. Scaffold fall | 
protection includes lifelines, harnesses, -7 


when in use. 
lanyards, rope grabs, and safety nets. The Proper fall-protection 
e Secure or remove all tools, equip- proper fall-protection equipment must be equipment must be worn 
ment, and materials from the platform wor when working at heights greaterthan when working at heights 


before moving a mobile scaffold. 10’ from the ground. See Figure 2-25. greater than 10 from the 


Sees 


Figure 2-25. Appropriate 
ee > fall-protection equipment 
must be worn when work- 
ing at heights greater than 
10’ from the ground. 


Fall-Protection Equipment — 


~~ 
i 
i 
y 
E" 
; Š 
LIFELINE LANYARD 


ROPE GRAB 


Miller Equipment 


‘careers mre O e TATOO OLD ALAA AAT OO ATT o 
ech etna en TE TAT TEL G TELE LI I 


Chapter 2—Job Site Safety 49 


~~ al 
Always refer to specific 
OSHA regulations and 
job-specific requirements 
when selecting proper 
llamen equipment. 


OSHA encourages states to develop and 
operate, under OSHA guidance, their 
own job safety and health plans. An 
OSHA-approved state plan must have 
requirements at least as effective as those 


| of federal OSHA regulations. 


A lifeline is a rope or webbing that is 
attached to a worker and tie-off device to 
prevent the worker from hitting the ground 
or other object during a fall. Lifelines are 
anchored above the work area and must 
be strong enough to support the force of 
a fall. Vertical lifelines must never have 
more than one person attached per line and 
must be long enough to reach the ground 
or landing below the work area when 
released. The lifeline must be terminated 
(tied up) to prevent the safety sleeve from 
sliding off its end. The path of a fall must 
be visualized when anchoring a lifeline. 
Use an anchored system without any ob- 
structions to the fall. 

Harnesses protect internal body organs, 
the spine, and other bones in a fall. Har- 
nesses must fit snugly and be securely 
attached to a lanyard. A /anyard is a rope 
or webbing device that connects a harness 
or body belt to a lifeline. A rope grab is 
a device that clamps securely to a rope. 
Rope grabs contain a ring to which a 
lifeline can be attached. Rope grabs pro- 
vide protection from falls while allowing 
freedom of movement. 

When fall-protection equipment is used, 
the breaking of a fall is preceded by a free 
fall and the taking up of slack between a 
harness and tie-off device. This is followed 
by the distance of deceleration, which is 
generally 34’ to 4’. Always limit the total 
free fall to 6’ or less. For this reason, a 
lanyard must be kept high enough or short 
enough to limit the free fall. 

A plumber may also be protected 
against a fall by tying off. Tying off is 
securely connecting a harness or body 
belt directly or indirectly to an overhead 
anchor point. Certain precautions must 
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be made to prevent lines and lanyards 
from weakening caused by knotting or 
tying off to sharp or rough surfaces. 

A safety net is a net made of rope or 
webbing for catching and protecting a 
falling worker. A safety net must be used 
where personnel are 25’ or more above 
ground, water, machinery, or any other 
solid surface when the worker is not oth- 
erwise protected by a lifeline or scaffold. 
See Figure 2-26. Safety nets must also be 
used when public traffic or other workers 
are permitted underneath a work area that 
is not otherwise protected from falling 
objects. In applications where workers are 
to be protected from falling tools or other 
objects, a lining of smaller mesh must be 
added to the fall protection net. 


Safety Nets ————— 


‘Figure 2-26 


The Sinco Group, Inc. 


Figure 2-26. A safety net is made of rope 
or webbing for catching and protecting a 
falling worker. 


MATERIAL HANDLING 
Material handling is the rigging, lifting, 
and transporting of a load by mechanical 
means. Materials such as pipe, fittings, or 
fixtures and appliances must be properly 
moved around a job site without damaging 
the materials. Safety procedures must be 
followed to ensure the safety of an operator 
moving the materials and other workers. 


Rigging 

Rigging is securing equipment or materials 
in preparation for lifting by means of a rope. 
cable, chain, or web sling. Loads must be 
balanced and load weights calculated for 
safe lifting. Rope slings are commonly used 
for lifting light to medium-weight loads, 


and for lifting lightweight loads a long 
distance. Cable and chain slings are used 
to lift medium to heavy loads. Web slings 
are commonly used to lift lengths of pipe. 


Rigging Equipment Storage. Proper 
care, use, and storage of rigging equip- 
ment prevents property damage and 
ensures worker safety. Rope, web cable, 
and chain slings must be kept in a clean 
and dry area away from harmful fumes or 
heat. Synthetic webbing and natural fiber 
rope should be stored out of sunlight and 
away from areas used for arc welding. 
Kinking of slings is prevented when they 
are neatly hung from racks or lengthy rope 
is rolled onto spools. Slings or sling com- 
ponents must not be run over by vehicles 
or lift trucks, or placed where heavy loads 
may be set on them. Avoid dragging slings 
over abrasive surfaces or sharp objects. 


Lifting 

Lifting is the hoisting of equipment or 
materials by mechanical means. In some 
situations, equipment or materials are 
lifted to upper floors of a building. See 
Figure 2-27. Manual lifting equipment, 
such as hand chain and ratchet lever hoists, 


is used to raise or lower heavy sections of 


pipe into position for assembly. Powered 
lifting equipment includes construction 
forklifts or material lifts. 


Manual Lifting Equipment. A hend chain 
hoist, or chain fall, is a manually operated 


hoist used to raise and lower sections of 


pipe or other loads with a chain. The top 
hook of a hand chain hoist is attached to an 
overhead supporting structure. A hand chain 
hoist uses two chains to raise and lower a 
load—the hand chain and the hoist chain. 
A hand chain is the continuous chain of a 
hand chain hoist grasped by the operator 
to operate the hoist. A hoist chain, or load 
chain, is the chain of a hand chain hoist 
attached to a load. A ratchet lever hoist, or 
come-along, is a manually operated hoist 


used to raise and lower heavy sections of 


pipe or other loads by moving a ratchet 
lever back and forth. Ratchet lever hoists 
are commonly used in confined areas and 
can be used at any angle. 


Lifting Pipe: 
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Figure 2-27. Various rig- 
ging methods may be 
used to lift pipe. 
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Manual lifting equipment 
includes hand chain and 
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OSHA 29 CFR 1910.178, Powered 
Industrial Trucks and ANSI B56.1, 
Powered Industrial Trucks provide ad- 
ditional information regarding the safe 
operation of material lifts. Several fac- 
tors must be considered when operating 


al z] OSHA 29 CFR 1926 Subpart N. 
——— a “Cranes, Derricks, Hoists, and Convey- 
i ors: DOE Standard 1090-99, Hoisting 
and Rigging; and ASME/ANSI B30.16, 
Overhead Hoists provide additional 
information regarding the safe use of 


Web slings should be 
inspected annually and 
cable slings should be 


inspected monthly. 


hoists. Hoist safety precautions include 

the following: 

e Visually inspect the top hook, hoist 
chain and hook, and hand chain or 
lever, and test the hoisting equipment 
prior to use. 


e Ensure that the rated load capacity of 
a hoist or rigging components are not 
exceeded. 


* Donot move a load over other workers. 


e Do not suddenly stop a load; rather, 
move the load slowly to a stop. 


e Avoid side pulls when using chain falls. 


e Check the travel path of the load to 
avoid personnel and obstructions. 


Powered Lifting Equipment. A material 
lift, or construction forklift, is a mobile 
lifting apparatus used to transport, hoist, 
or stack materials using hydraulic and 
mechanical systems. See Figure 2-28. 
Material lifts are commonly used to 
move bulk supplies or materials to a 
convenient location and to raise equip- 
ment and materials to an upper floor or 
higher elevation. Workers must attend 
training prior to operating a material lift 
and have performance checked at least 
once every three years. 


a material lift include the following: 
* type of surface 


e type of load and stability 
e load manipulation required 
e equipment and pedestrian traffic 


The surface on which a material lift 
operates must be stable enough to sup- 
port the forklift and load. Wet, rough, 
or uneven surfaces should be carefully 
crossed at an angle. The safe operating 
speed of a material lift is equivalent 
to a brisk walking pace. Material lift 
stability is affected by load size and 
weight. Load size should be kept as 
small as possible when performing a 
high lift, when the load is irregularly 
shaped, or when the travel route in- 
cludes ramps or uneven surfaces. 

When transporting or raising and 
lowering loads, ensure that the area is clear 
of other workers. Never turn or travel with 
an elevated load. When transporting a load, 
position the forks as close to the ground as 
possible—1!” to 2” at the heel of the forks 
and 4” to 5” at the tips, with the load 
resting against the mast. If it is necessary 
to clear an obstacle, lift the load high 
enough to clear the obstacle and then 
lower it as soon as possible. 


Figure 2-28. Material lifts 
use hydraulic and me- 
chanical systems to move 
large loads. 


Material Lifts —— 


Material lifts must be operated safely 
to ensure worker safety and prevent 
property damage. Material lift safety 
precautions include the following: 

e Ensure that there is adequate over- 
head clearance when placing a load 
on a stack, and that the material lift 
is fully stopped before raising or 
lowering the load. 


SAFETY 
ENCLOSURE - 


e Adhere to standard driving practices 
and exercise caution when turning. 
Check over both shoulders before 
moving in reverse. 


~ 


PNEUMATIC \ TELESCOPIC ARM 
TIRES 


JCB Inc. 
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e Stop completely before shifting 
to reverse; do not use reverse as a 
brake. 


¢ Do not lift loads that exceed the rated 
lifting capacity. 


* Perform a safety inspection of a ma- 
terial lift at the start and end of each 
shift. 


* Do not allow anyone to ride the forks 
of a material lift. 


e Lower forks to ground level when 
parking. 


* Keep arms and legs inside a material 
lift. and keep head, hands, and feet 
out of uprights when the machine is 
operating. 


e Use a spotter if the view is obstructed 
or work area is congested. 


MOTOR VEHICLE SAFETY 


Plumbers commonly transport tools, 
equipment, and materials from one job 
site to another location using motor 
vehicles. A motor vehicle is a light- or 
heavy-duty truck, van, or piece of equip- 
ment that can operate on a job site and 
public roadways. Drivers must observe 
all motor vehicle laws and regulations 
pertaining to the size of vehicle. In addi- 
tion, motor vehicles with an obstructed 
rear view must be equipped with reverse 
signal alarms or an observer must be 
used to allow safe reverse movement. 
Drivers must be aware of potential 
hazards in a vehicle’s blind spots near 
the left and right rear corners and rear 
of the vehicle that cannot be seen using 
the vehicle mirrors. 

When operating a motor vehicle on 
public roadways, state and local laws 
and Department of Transportation (DOT) 
regulations apply to the safe operation 
of the vehicle. When operating a motor 
vehicle on a job site, OSHA and company 
rules apply to the safe operation of the 
vehicle. Motor vehicle precautions include 
the following: 


* Keep doors closed during operation. 
« Wse'a seatbelt. 


e Do not fill portable gas containers 
placed on the tailgate or bed of a truck; 
place the container on the ground 
before filling. 


e Avoid leaving portable gasoline con- 
tainers in vehicles after refueling. 


e Pull over and turn off the engine when 
the temperature gauge moves all the 
way to hot. 


e Pull over and turn off the engine when 
the oil pressure gauge moves to low or oil 
light is on. 


Motor Vehicle Safety 
Inspections 
At the beginning of each shift, a mo- 
tor vehicle should be inspected for 
damage that may result in vehicle 
failure or an accident. OSHA 29 CFR 
1926.601, Motor Vehicles, and OSHA 
29 CFR 1926.602, Material Handling 
Equipment, provide information re- 
garding the safe use of motor vehicles. 
A motor vehicle that does not comply with 
OSHA regulations and/or manufacturer 
standards should not be used. Standards 
and regulations include, but are not limited 
to, the following: 
e Atleast two operational headlights and 
taillights 


e Working emergency and parking brake 
systems 


e Operational lights, horn, reflectors, and 
other warning devices 


e Functioning windshield wipers and 
windshield with no cracked or bro- 
ken glass 


e Functioning seat adjustments and 
seatbelts 


e Mud flaps on job site motor vehicles 
e Proper tire pressure and adequate tread 
e Operational steering mechanism 


e Properly charged fire extinguisher in 
an accessible location 
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Per OSHA 29 CFR 1910.178, workers must attend training prior to operating 
a material lift and have performance checked at least once every three years. 


Confined spaces, such as 
sewers and trenches more 
than 4’ deep, are subject 
to the accumulation of 
toxic or flammable con- 
taminants or an oxygen- 
deficient atmosphere. 


CONFINED SPACES 


A confined space is a space that is large 
enough and configured for a plumber to en- 
ter and perform assigned work, has limited 
or restricted means for entry and exit, and 
is not designed for continuous occupancy. 
Confined spaces are subject to the accumu- 
lation of toxic or flammable contaminants 
or an oxygen-deficient atmosphere. Con- 
fined spaces include storage tanks, process 
vessels, sewers, boilers, underground util- 
ity vaults, tunnels, pipelines, and trenches 
more than 4’ in depth. See Figure 2-29. 


Confined Space Hazards 


Confined spaces are entrapment hazards 
and expose workers to unsafe conditions 
such as oxygen deficiency, combustible 
gases, and/or toxic gases. Oxygen de- 
ficiency is caused by the displacement 
of leaking gases or vapors; combustion 
or Oxidation processes; oxygen being 
absorbed by the vessel or product stored: 
and/or oxygen being consumed by bacte- 
rial action. Oxygen deficiency can result 
in injury or death. 


Refresher training for material lifts must 
be provided if an operator is observed to 
operate the vehicle in an unsafe manner 
or if the operator has been involved in an 
accident or near-miss accident. 
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Confined Spaces —— 


TRENCH 
Figure 2-29 = 


Figure 2-29. Confined spaces have a 
limited means of egress and are subject 
to the accumulation of toxic or flammable 
contaminants or an oxygen-deficient 
atmosphere. 


Procedures for entering or working in 
confined spaces include the following: 
e Do not enter a confined space without 
verifying the contents of the confined 
space. 


e Test the atmosphere in a confined 
space with appropriate oxygen and 
explosive gas mixture instruments. 


e Purge confined spaces containing 
explosive or flammable atmospheres 
with fresh air and retesting the atmo- 
sphere after purging. 


e Lock out all lines and equipment sup- 
plying the confined space to prevent 
starting of equipment or the introduc- 
tion of hazardous materials into the 
space. 


e Monitor the space with appropriate 
instruments while work continues. 


e Avoid contaminating the air while 
working in the confined space. Do not 
use toxic materials. 


e Wear a safety harness and lifeline if a 
safe atmosphere cannot be assured in 
a confined space. Another worker, also 
wearing a safety harness and lifeline, 
must constantly observe the plumber 
in the confined space. If the plumber 
in the confined space cannot be ob- 
served, radio communication must 
be maintained between the plumber 
and observer at least every 5 min. A 
third worker, within sight and hearing 
distance of the confined space, must 
be informed when other personnel are 
entering the confined space. The third 
worker, stationed outside the confined 
area, must have a current CPR card and 
be ready to give emergency assistance. 


¢ Equip the plumber and observer with 
the appropriate respirator or self- 
contained breathing apparatus if a safe 
atmosphere cannot be assured. 


e Use portable fans or blowers to venti- 
late or cool the confined space to re- 
duce the possibility of heat exposure. 
If occupancy of the confined space is 
over a long period of time, frequent 
rest periods should be taken outside 
the space. 


Confined Space Entry Permits 
A confined space entry permit is a docu- 
ment issued by an employer to allow and 
control entry into a confined space. Con- 
fined space entry permits are posted at 
the entry to the confined space and kept 
as a permanent record. See Figure 2-30. 
A confined space entry permit includes 
the following: 


¢ location 
e job task 


e names of employees assigned to the 
work 


e air-sampling instruments to be used, 
including type, serial number, and 
date calibrated 


* conditions to be evaluated, such as 
oxygen concentration, presence of 
toxic and/or explosive gas or vapor, 
and nature of any residues, deposits, 
and sludges 


e life-saving equipment to be used, 
including safety harness and lifeline 
and breathing apparatus 


e signature of foreman supervising the 
work and the safety precautions 


HAZARDOUS MATERIALS 


A hazardous material is any material 
capable of posing a risk to health, safety, 
and property. Plumbing materials such 
as cutting fluids, primers, and solvent 
cements are classified as hazardous 
materials. OSHA 29 CFR 1910.1200, 
Hazard Communication, details hazard 
communication requirements in the 
workplace. Hazard communication is 
based on a worker’s right to know (RTK) 
of potential hazards when working with 
certain materials. 

Employers must develop, implement, 
and maintain a written, comprehensive 
hazard communication program that 
includes provisions for container label- 
ing, material safety data sheets, chemi- 
cal inventory, and an employee training 
program. The hazard communication 
program also includes a list of hazardous 
materials on the job site. Information 
must be provided in a language or man- 
ner that employees understand. 


Container Labeling 


All hazardous material containers must 
have a label, which should be examined 
before using the product. Specific hazards, 
precautions, and first-aid information are 
listed on the label. Hazardous material 
containers are labeled, tagged, or marked 
with appropriate hazard warnings per 
OSHA 29 CFR 1910.1200), Labels and 
Other Forms of Warning. Material stored 
in a different container than originally sup- 
plied from the manufacturer must also be 
properly labeled. Unlabeled containers pose 
a safety hazard since users are not provided 
with content information and warnings. 
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Lighting operated at 12 V 
or less should be used in 


confined spaces. A 120 V 

light may be used if it is 

protected by an OSHA- 
aa GFCI. 
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Confined Space Entry Permit Figure 2-30 
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CONFINED SPACE ENTRY PERMIT 


NOTE: This form must be completed prior to entry of the confined space and posted near the entry opening. Upon completion of the 
project or expiration of a permit, a copy must be forwarded to EHSS. 


Date of Issue: 

Time: 

Location: 

Description of Space: 
JOB Task: 

Hazard Assessment: 


Attendant(s): 


Expiration Date: 
Time: 


Signature of Employees to Enter: 


TIME/DATE 


%LEL(10%) 


%0,(19.5- 


23.5) H,S 10ppm 


CO 35ppm 


INITIALS INSTRUMENT 


SUPERVISOR AUTHORIZING ENTRY (PRINT) 


SIGNATURE 


Figure 2-30. A confined space entry permit is posted at the entry of a confined space prior to entering the space. 


| 
Hazardous materials 
stored in a different 
container than origi- 
nally supplied from the 
manufacturer must be 
properly labeled. 


Container labeling varies with each 
manufacturer. However, all container 
labels must include basic RTK informa- 
tion. The NFPA hazard signal system 
and the hazardous material information 
guide (HMIG) may be used on bulk 
containers or shipping containers to 
provide information at a glance. See 
Figure 2-31. 

The NFPA hazard signal system uses 
a four-color diamond sign to display 
information about hazardous materials. 
Colors and numbers identify potential 
health (blue), flammability (red), reactiv- 
ity (yellow), and specific hazards (no spe- 
cial color). Degree of severity by number 
ranges from four (4) indicating a severe 
hazard to zero (0) indicating no hazard. 

A health hazard is any matertal likely 
to cause, either directly or indirectly, 
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temporary or permanent injury or in- 
capacitation due to acute exposure by 
contact, inhalation, or ingestion. The 
degrees of health hazard are ranked by 
number according to the probable se- 
verity of the effects of exposure to the 
hazardous material. Health hazards are 
indicated on a blue background in the 
left diamond of the sign. The degree of 
health hazard determines the specialized 
protective and respiratory equipment 
required by emergency response and fire 
fighting teams. 

A flammability hazard is any material 
susceptible to burning due to its form or 
condition and the surrounding environ- 
ment. The degree of flammability hazard 
is ranked by number according to the 
susceptibility of hazardous materials 


to burning. Flammability hazard is in- 
dicated on a red background in the top 
diamond of the sign. 

A reactivity hazard is any mate- 
rial likely to release energy by itself 
or by exposure to certain conditions or 


substances. The degree of reactivity is 
ranked by number according to the ease, 
rate, and quantity of energy released. 
Reactivity hazard is indicated on a yel- 
low background in the right diamond of 
the sign. 


Labeling Hazardous Material Containers igure 2-31 


PHYSICAL 
HAZARDS — 


VENTILATION —~ | 


HEALTH 
HAZARDS — 


LONG-TERM 
EFFECTS - 


EYE 
PROTECTION 
REQUIRED 


GLOVES REQUIRED — 


SERA Ween PURPLE PRIMER 
~DANGER! 


_- EXTREMELY FLAMMABLE =~ TOXIC, HARMFUL IF 
SWALLOWED OR INHALED, MAY CAUSE IRRITATION. 


Hazardo ss gi nis Tetrahydofuran Methy Ethy! Ketone, Cyclohexanone _ 
Fo ai a An 


“~~ CHEMICAL OR 
COMMON NAME 


snd Aci rast — INGREDIENTS 


Ventilation ' smn panam 


een 
-i 


Effects ol Overexpesure ' me e weee 


ie "a reres — 

DO NOT NOLCE VOMITTING 
hely ncaseol s tow cmt 
Seek medita attentnn | 


KEEP OUT OF 


NO 
SMOKING 


s @ 


- PRODUCT FLAMMABLE 


RTK LABEL 


identification of Health Hazard 
Color Code: BLUE 


Type of Possible Injury 
Materials that on very short 


exposure could cause death or 
major residual injury 


Identification of Flammability 
Color Code: REO 


Signal Susceptibility of Materials to Signal Susceptibility to Release of 
Burning Energy 


Materials that will rapidly or 
completely vaporize at 
atmospheric pressure and normal 
ambient temperature, or that are 
readily dispersed in air and that 
will burn readily 


identification of Reactivity (Stability) 
Color Code: YELLOW 


Materials that in themselves are 
readily capable of detonation or of 
explosive decomposition or 
reaction at normal temperatures 
and pressures 


Materials that on short exposure 
could cause serious temporary or 
residual injury 


Liquids and solids that can be 
ignited under almost all ambient 
temperature conditions 


Materials that in themselves are 
capable of detonation or explosive 
decomposition or reaction but 
require a strong initiating source or 
which must be heated under 
confinement before initiation or 
which react explosively with water 


Materials that on intense or 
continued but not chronic exposure 
could cause temporary 
incapacitation or possible residual 


injury 
Ta 


Materials that must be moderately 
heated or exposed to relatively 
high ambient temperatures before 
ignition can occur 


Materials that readily undergo 
violent chemical change at 
elevated temperatures and 
Pressures or which react violently 
with water or which may form 
explosive mixtures with water 


Materials that on exposure would 
cause irritation but only minor 
residual injury 


Materials that must be preheated 
before ignition can occur 


Materials that in themselves are 
normally stable, but which can 
become unstable at elevated 
temperatures and pressures 


Materials that on exposure under 
fire conditions would offer no 
hazard beyond that of ordinary 
combustible material 


NFPA HAZARD SIGNAL SYSTEM 


FIRE HAZARD (RED) 


FLASH POINTS 

4 BELOW 73 F 

3 BELOW 100 F 

2 BELOW 200 F 

1 ABOVE 200°F 

0 WILL NOT BURN 


<- REACTIVITY (YELLOW) 


4 MAY DETONATE 

3 SHOCK AND HEAT MAY DETONATE 
2 VIOLENT CHEMICAL CHANGE 

1 UNSTABLE IF HEATED 

0 STABLE 


HEALTH HAZARD (BLUE) 


4 DEADLY 

3 EXTREME DANGER 
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0 NORMAL MATERIAL 
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Materials that will not burn 
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normally stable, even under fire 
exposure conditions, and which 
are not reactive with water 
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Figure 2-31. The NFPA 
hazard signal system and 
the hazardous material 
information guide (HMIG) 
provide quick-reference 
information regarding haz- 
ardous materials. 
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A specific hazard is the extraordinary 
properties and hazards associated with a 
particular material. This information is 
particularly useful for identifying special 
techniques for emergency response and 
fire fighting teams. For example, a let- 
ter “W” with a horizontal line through 
the center is used to indicate unusual 
reactivity with water. The letters “OX” 
indicate materials that possess oxidiz- 
ing properties. Specific hazard symbols 
are located in the fourth space at the 6 
o'clock position, or immediately above 
or below the entire symbol. No specific 
background color is required. 


Storage tanks are labeled according to the hazardous material they contain. 
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Workplace Hazardous Materials 
Information System. The workplace 
hazardous materials information sys- 
tem (WHMIS) is a Canadian safety 
and health communication standard 
that provides information on haz- 
ardous workplace materials. The 
WHMIS is equivalent to the OSHA 
hazard communication standard. 
The key elements addressed in the 
WHMIS include hazardous materials 
labeling, MSDSs, and worker education 
programs. The WHMIS is implemented 
through coordinated federal, provin- 
cial, and territorial legislation. Supplier 
labeling and MSDS requirements are 
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set forth under the Hazardous Products 
Act and its associated regulations for 
controlled products. 


Hazardous Materials Identification 
System. The hazardous materials iden- 
tification system (HMIS) is a system 
used to rank the severity of hazards 
associated with a material. It uses the 
same color code as the NFPA hazard 
signal system. 

The HMIS label indicates the severity 
of health, flammability, and physical 
hazards with a number ranging from 
zero to four for each category. A low 
number indicates a minimal hazard, 
while a high number indicates a severe 
hazard. An asterisk (*) may also appear 
in conjunction with a number. An aster- 
isk serves as notification that the hazard 
involves chronic health effects. It also 
indicates there is additional information 
on a material safety data sheet (MSDS). 
The PPE required is identified by a letter. 
The letter corresponds to the PPE listed 
in the personal protection index shown 
on the HMIS label. See Figure 2-32. 


Material Safety Data Sheets 


A material safety data sheet (MSDS) 
is printed documentation used to relay 
hazardous material information from a 
manufacturer, importer, or distributor to 
a worker. See Figure 2-33. The informa- 
tion is listed in English and provides 
precautionary information regarding 
proper handling, with emergency and 
first-aid procedures. All hazardous ma- 
terials used in a facility or at a job site 
must be inventoried and have an MSDS. 

Chemical manufacturers, distributors. 
and importers must develop an MSDS for 
each hazardous material. If an MSDS is 
not provided, the employer must contact 
the manufacturer, distributor, or importer 
to obtain the missing MSDS. MSDS files 
must be kept up to date and readily avail- 
able to all personnel. MSDSs provide 
information regarding the appropriate 
PPE to use when performing a task. For 
example, when a new material or process 
is used, the MSDS is reviewed to deter- 
mine the appropriate respirator. 


Figure 2-32. HMIS labets are used to rate the severity of hazards associated with materials and identify the 
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4682 W. Industrial Dr. 
Springfield, IL 60440 


SAFETY DATA SHEET 


SECTION | — PRODUCT INFORMATION 
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SECTION VI—HEALTH HAZARD DATA 


Route(s) of Entry, Inha aton? Ingestion? 


X X 


Acute and Chronic) 
Causes Irnlation May be skin defatter upon prolonged or repeated contact Overexposure to vapors, mist 
or fumes may result in upper respiratory tract irnmtation and difficulty in breathing Mineral oil mist. OSHA 
established 8 hy TWA PEL of Smgm * ACGIH recommends a 15 min STEL TLV of 10 mgin 
arcinogenicity NPT? JARC Monographs? OS Regulated? 
Not Listed Not L sted Not L sted 


Signs and Symptoms of Exposure 
Eyes: Mild irrrtanhon and redness ingestion: Gastronomical imitation. nausea, vomiting, and darrnea 
inhalation, D zziness and om cully in Drealh ng 

Medical Conditions Generally Aggravated by Exposure 
Sensitive Dry Skin 


EMERGENCY TELEPHONE NUMBER 

555) 423-1234 
TELEPHONE NUMBER FOR INFORMATION 
(555) 432 1234 


PRODUCT NAME 
DARK THREAD CUTTING OIL 
CHEMICAL FAMILY: 
PETROLEUM HYDROCARBON 
DOT PROPER SH PPING NAME DATE ®REPARED 
NOT A REGULATED MATERIAL NOVEMBER 10. 2001 


SECTION II — HAZARDOUS INGREDIENTS/IDENTITY INFORMATION 


CAS NUMBER 
HAZARDOUS COMPONENTS 
Paratfinic Minerat Oil 


Av ola Tt 
girs BIA 


wSHA FEL 
m TWA 


64742-54-7 


Mixture 


Sultur Additive Package 


Unlisted ingredients are trade secrets and are not hazardous chemicals under OSHA hazard miae ——— 
Standard (29 CFR 1910 1200) 


SECTION IN—PHYSICAL/CHEMICAL CHARACTERISTICS 


Boiling Point 
Vapor Pressure (mm Hg 


APPEARANCE AND ODOR 
Dark brown _iguia 


SECTION IV—FIRE AND EXPLOSION HAZARD DATA 
Flash Point (Method Used} Flammable Limits EG UEL 
385 F {Cleveland Open Cup) Not Determined 


Extinguishing Media 
Water Fog Ory Chemical, CO , or Foam 


Special Firefighting Procedures 
Wear self-contained breathing apparatus Keep lire-exposed containers cool with water 


Unusual Fire and Explosion Hazards’ 
Hot vapors form explos ve mixtures wth air 


SECTION V—REACTIVITY DATA 


Stabihty Unstable (in| Conditions to Avord 
Spark and Open Flames 
tncompatibility (Materals to Avoid) 


es Strong acids and oxidants 
Hazardous Decomposition or Byproducts 

Lpon Combustion CO,CO , Oxides of Sulfur 
Hazardous Conditions to Avord 
Polymer zation None 


WI not Occur 


Emergency and First Aid Procedures 
Eyes: Immediately tlush with plenty of water for at least 15 minutes Call a physician Skin: Wash with 
soap and water Ingestion: Do not induce vomiting Dilute by giving at least 2 glasses of milk or water to a 
conscious person Get medical attention Inhalation: Remove to fresh air and give artificiat respiration as 
necessary Get medical attent on 


SECTION VII—PRECAUTIONS FOR SAFE HANDLING AND USE. 

Steps to be Taken in Case Material is Released or Spihed 
Do nol use water - Soak up with sand earth or other inert malenal Put in a suttable container Dispose of in 
accordance with Local, Stale and Federal regulations 


Waste Disposal Method 
Dispose of matenal in accordance with Local State. and Federal regulations Avord contamination of sewers 
and waterways 


Precautions to Be Taken in Handling and Stor ng 
Avo d conlact wilh eyes, skin, and cothng Remove conlaminated cothing Launder betore reuse Wash 
thorovahiy alter nandi a 


Other Precautons 
Avord breathing mist or vapors 


SECTION VIII—CONTROL MEASURES 


Respiratory Protection (Specify Type) 


Use NISOH-approved respirator sf engineering or other controls are not adequate to reduce airbome 

expos sre to below 
Vent lation 

Genera_dittion or local exhaust recommended 
Protective Groves 

Neoprene Oil Impervious If subject to 

continuous contact 
Other Prctectve Clothing or Equipment 

15, Oil-repellent Barner Cream, or other as required to avoid skin contact if subject to repeated 


sure 


ssible expe 


Eye Protection 
oggles 


Safety Glasses or G 


ractices 


Toxic Substance Co 


All componer gistered under regulations of TSCA 
Sara Title II) 
ONE no parsans subject to reporting under Section 313 Is reportable under Sections 311 and 31, + 


nel Contains no extremely hazardous substances under Section 302 Health categones are 
and Health, Chronic 


WE BELIEVE THE STATFMENTS TECHN'CA. INFORMAT ON AND RE 
BuT THEY ARE GIVEN WITHOJT WARRANTY OR GUARANTEE OF A 
RESPONS BILITY FOR ANY -OSS, DAMAGE OR EXPENSE D RECT 


OMMENDAT ONS CONTAINED HEREIN ARE RELIABLE 
D EXPRESSE IMPLED AND WE ASSUME NO 
SEOLENT AL ARIS NG OUT OF THEIR USE 


Figure 2-33. An MSDS provides chemical hazard information regarding proper handling. emergency. and 


first-aid procedures. 


Chapter 2—Job Site Safety 


60) 


MSDSs may be filed according to prod- 
uct name, manufacturer, or a company- 
assigned number. If two or more MSDSs 
on the same hazardous material are found, 
the latest version is used. An MSDS has 
no prescribed format. Formats provided 
in ANSI Z400.1, Hazardous Industrial 
Chemicals Material Safety Data Sheet 
Preparation, are commonly used. An 
MSDS includes the following: 

e Manufacturer Information 


¢ Section I—Product Information 


e Section I]—Hazardous Ingredients/ 
Identity Information 


e Section HI—Physical/Chemical Char- 
acteristics 


¢ Section IV—Fire and Explosion Hazard 
Data 


e Section V—Reactivity Data 
* Section Vi—Health Hazard Data 


e Section VII—Precautions for Safe 
Handling and Use 


e Section Vif[—Control Measures 
¢ Section IX—Regulatory Information 


Plumbers should become familiar with 
the MSDS of any hazardous materials to 
which they are exposed. Manufacturer 
information provides the manufacturer 
name and address. Section [ lists the 
type of chemical, emergency telephone 
numbers, and preparation date of the 
MSDS. Section II provides information 
concerning component chemicals, quan- 
tity of chemicals, and Chemical Abstract 
Service (CAS) numbers. 

Section III lists the boiling point, spe- 
cific gravity, evaporation rate, and other 
physical data. Section IV lists flash point, 
extinguishing media required, special fire 
fighting procedures, and unusual fire and 
explosion hazards. 

Section V pertains to reactivity data and 
lists the material stability, incompatibility 
with other materials that could create 
a hazardous condition, and conditions 
that create a violent reaction or toxic gas 
such as extreme temperatures, impact, or 
incorrect storage. Section VI provides 
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information about toxic effects of the 
material on health, including routes of 
exposure, acute health hazards, effects 
of overexposure, signs and symptoms of 
overexposure, medical conditions aggra- 
vated by exposure, emergency and first-aid 
procedures, and chronic health hazards. 

Section VII provides information about 
proper handling and disposal techniques 
of the material. Handling information 
commonly includes information pertain- 
ing to personal contact and necessity for 
protective clothing. Disposal information 
defines proper methods for disposing of 
the material. 

Section VIII pertains to personal pro- 
tection such as respiratory protection and 
protective clothing needed for working with 
the material. Protective clothing can include 
clothing such as rubber gloves, boots, and 
coveralls. Section VIII also specifies ven- 
tilation requirements. Section IX provides 
information about the sections of EPA. 
OSHA, or ANSI under which the chemi- 
cal is regulated. A disclaimer statement 
explains the limitations of information 
listed on the MSDS. 


Hazardous Material Disposal. Construc- 
tion companies commonly dispose of haz- 
ardous materials such as thread cutting oil, 
cleaning solvents, and solvent cements when 
their shelf life has expired or if they have 
become contaminated with other substances. 
Hazardous materials become hazardous 
waste when the materials are disposed of. 
In 1986, the Resource Conservation and Re- 
covery Act (RCRA) regulations covering 
small-quantity generators of hazardous 
waste went into effect. Disposal options 
typically include transporting hazardous 
waste to an approved disposal site or con- 
tracting with a firm to pick up and dispose 
of hazardous material. A manifest lists 
content and quantity of hazardous mate- 
rial transported. 

Hazardous waste is recycled or 
blended for safe burning to recover its 
heat value. For example, waste engine 
oil is typically processed into water 
(10%). light oil such as kerosene (12%), 
lubricating oil (65%), and asphalt bot- 
toms used for roads (13%). If waste oil 


has been mixed with other hazardous 
materials, it is commonly burned above 
2600°F in high-temperature cement 
kilns. These temperatures exceed com- 
mercial incinerators and completely 
destroy hazardous materials. 


Occupational Irritant 
Contact Dermatitis 


Occupational irritant contact dermatitis 
is inflammation caused by irritants found 
on a job site that come into direct contact 
with the skin. Materials encountered by 
plumbers that may cause irritation are 
grease, gasoline, diesel fuel, oils, cleaners, 
and solvent cements. Occupational irritant 
contact dermatitis symptoms include red- 
ness of the skin, blisters, scales, or crusting 
of the skin. These symptoms do not neces- 
sarily occur at the same time or in all cases 
of occupational irritant contact dermatitis. 
Typically, a reaction develops within a few 
hours of exposure or as late as 24 hr after 
exposure. 

Occupational irritant contact der- 
matitis can develop after a short, con- 
centrated exposure to an irritant or a 
repeated or prolonged exposure to a 
mild irritant. Contact with a mild irritant 
may only produce redness of the skin. 
However, if exposure to the irritant is 
continued, small lesions and sores may 
develop, followed by scales and crust- 
ing of the skin. The skin usually heals 
a few weeks after exposure ends if no 
infection has set in. 

The irritant action of a substance 
depends on its ability to change some 
properties of the outer layer of skin 
that acts as a protective barrier against 
toxic substances. Some substances can 
remove skin oils and moisture from 
the outer layer of the skin, reducing 
the protective barrier and allowing 
irritants to enter or infiltrate the skin. 
To produce irritant contact dermatitis, 
the irritant substance must infiltrate the 
outer layer of skin and come into direct 
contact with cells and tissue. 

Areas that have been in contact with 
an irritant should be cleaned using a low- 
pH mild soap, vinegar, or neutralizers. 


For difficult-to-remove oil and grease 
Stains, plumbers should use a waterless 
hand cleaner. If waterless hand cleaners 
do not remove the substance, plumbers 
should use abrasive soaps. Waterless 
soaps and abrasive soaps should only 
be used as necessary since they remove 
natural oils from the skin. Some clean- 
ing substances are available in powder 
or granular form. Granules are usually 
less irritating than powder, and are rec- 
ommended when available. 

Occupational irritant contact dermatitis 
can be avoided by using good personal 
hygiene, practicing good housekeeping, 
substituting a less harmful material for 
the job, and wearing appropriate personal 
protective equipment. Occupational irritant 
contact dermatitis must be treated promptly. 
While dermatitis is active, the affected area 
should be protected from physical trauma, 
chemical irritation, dirt, excessive sunlight, 
wind, and rapid temperature changes. 

Personal protective clothing and 
equipment should be selected carefully 
to prevent skin contact from irritant sub- 
stances. Not all protective clothing resists 
all substances. Manufacturer specifica- 
tions for the irritant substance. such as 
type of material and permitted duration 
of exposure, should be followed. Bar- 
rier creams may be used as substitutes 
for protective clothing, especially when 
gloves or sleeves cannot be worn safely. 
While barrier creams do not provide as 
much protection as protective clothing, 
they do offer adequate protection when 
selected carefully. 


Occupational irritant 
contact dermatitis can 
be avoided using good 
personal hygiene, practic- 


ing good housekeeping, 
and wearing appropri- 
ate personal protective 
equipment. 


Sioux Chief Manufacturing, 


inc 


Appropriate personal protective equipment must be worn and proper ventila- 
tion must be provided while soldering or brazing. 
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Carcinogens 


A carcinogen is a hazardous substance 
at a job site that can cause cancer. Check 
the container label or MSDS sheet of a 
chemical or hazardous material to deter- 
mine if it is carcinogenic. Personal pro- 
tective equipment is required if control 
measures at the job site do not reduce 
exposure to the carcinogen to appropriate 
levels. Chemicals that must not be used 
without appropriate personal protective 
equipment include benzene, methylene 
chloride, trichloroethylene, perchloro- 
ethylene, polychlorinated biphenyls. 
dioxins, and furans. PPE for carcinogenic 
substances is determined by the means of 
the substance entering the body. PPE for 
airborne carcinogenic substances ranges 
from disposable particulate masks to a 
respirator, depending on particle size. 
If the substance is absorbed through the 
skin, PPE may range from appropriate 
gloves to a sealed full body suit. 


Asbestos 


Asbestos is a mineral that has long, silky 
fibers in a crystal formation. It was a 
component of many building materials, 
such as fireproofing materials, pipe insu- 
lation, siding, and tile, installed until the 
Jate 1980s. Asbestos is abrasion-resistant 
and stable at high temperatures. Products 
manufactured with asbestos release as- 
bestos fibers into the air when it crumbles 
or is crushed. Airborne asbestos fibers 
range in size from 0.1u to lOu, and are 
odorless and tasteless. Asbestos fibers 
can stay suspended in air for Jong periods, 
Products containing asbestos may be 
encountered in remodeling jobs. In- 
halation of asbestos fibers may cause 
asbestosis. Asbestosis is a respiratory 
disease caused by inhaling asbestos 
fibers resulting in scar tissue (fibrosis) 
forming inside the lungs. The sever- 
ity of asbestosis depends upon the 
length of exposure to the fibers and 
the amount of asbestos inhaled. Ap- 
propriate PPE when working in areas 
with airborne asbestos must be used 
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including a sealed full body suit with 
respirator. Asbestos must be removed 
by a certified, trained asbestos abate- 
ment company. 


— 

OSHA 29 CFR 1926.1101, Asbestos, 
covers the following activities related 
to asbestos: demolition, removal, altera- 
tion, repair, maintenance, installation, 
cleanup, transportation, disposal, and 


storage. 


Lead 


Lead is a heavy and dense material with 
a low melting point, low strength, and 
high rate of expansion. At one time, 
lead pipe was used for the water service 
extending from the water main to the 
building. Lead is rarely used to join 
bell-and-spigot cast iron soil pipe for 
sanitary waste and vent systems. 

Lead-based paint is a common source 
of lead poisoning, and is undetectable to 
the human eye. Before removing pipe that 
has been painted, have the paint tested 
for lead content. Only workers trained 
in hazardous material removal should 
remove lead-based paint. 

Lead alloy metal or metal covered 
with lead-based paint that is cut, sanded, 
heated, or burned releases lead into the 
air. Lead is toxic if swallowed or inhaled. 
See Figure 2-34. Exposure to lead may 
cause brain and neurological damage. 
Guidelines to minimize lead exposure 
include the following: 

e Do not eat or drink in the hazardous 
work area. 


e Wear respirators designed to prevent 
inhaling lead. 


e Seal the hazardous area from the rest 
of the work area and job site. All rags, 
boxes, tools, and equipment should be 
removed from the area and disposed 
of properly. 


e Cover and seal cabinets and surfaces 
that cannot be removed from the haz- 
ardous work area. 


* Clean up solid debris using special 
vacuum Cleaners with high-efficiency 
particle absorption (HEPA) filters. 
Wet-mop the area after vacuuming. 


e Dispose of protective clothing Gump 
suits) worn in the hazardous work area 
after completing the cleanup operation. 
Protective clothing must not be worn 
in other areas of the job site. 


UNSAFE LEAD 
EXPOSURE LEVELS 


Dust on floors 
Window sills 
Bare topsoil 
Soil (general) 


* mg/sq ft 
t parts per million 
* parts per billion 


Figure 2-34. Lead is toxic if swallowed 
or inhaled. 


Lead in Plumbing Materials 
and Fixtures 


Lead is rarely found in source water, 
but it enters tap water when plumbing 
materials corrode. Homes built before 
1986 are more likely to have lead pipes, 
fixtures, and solder. However, new homes 
are also at risk because even plumbing 
that is legally considered lead free may 
contain up to 8% lead. Problems most 
commonly occur with brass and chrome- 
plated brass faucets and fixtures, which 
can leach significant amounts of Jead into 
water, especially hot water. 

Currently, only three states, California, 
Vermont, and Maryland, have passed 
legislation for the reduction of lead con- 
tained in the pipes, fittings, and fixtures 
used to carry drinking water. However, 
the Reduction of Lead in Drinking Water 
Act was recently signed into law and will 
take effect January 1, 2014. This new law 
amends the definition of “lead free” in the 
Safe Drinking Water Act. 


Lead-Based Paint Renovation, 
Repair, and Painting Program 
The 2008 Lead-Based Paint Renovation, 
Repair, and Painting Program, developed 
by the Environmental Protection Agency 
(EPA),was designed to protect against 
the hazards of lead-based paint associ- 
ated with renovation, repair, and paint- 
ing activities. The program is a federal 
regulatory program affecting contrac- 
tors, property managers, and others who 
disturb painted surfaces. It applies to 
residential buildings and child-occupied 
facilities, such as schools and day care 
centers, built before 1978. It includes 
prerenovation education, training, certi- 
fication, and work practice requirements. 
To meet the prerenovation education 
requirement, property managers, contrac- 
tors, and others who perform renovations 
for compensation must distribute the EPA 
information pamphlet, Renovate Right: 
Important Lead Hazard Information 


for Families, Child Care Providers, and 


Schools, betore starting renovation work. 
Renovation is broadly defined as any 
activity that disturbs painted surfaces. 
It includes most repair, remodeling, and 
maintenance activities. 

To meet the training, certification, and 
work practice requirements, companies 
must be certified and renovators must be 
certified (or trained by a certified reno- 
vator if performing work for a certified 
company) in lead-safe work practices. 
Also, lead-sate work practices that mini- 
mize occupant exposure to lead hazards 
must be followed. 

General work practice requirements 
must also be followed. The Small Entity 
Compliance Guide to Renovate Right: 
EPA’s Lead-Based Paint Renovation, Re- 
pair, and Painting Program, developed by 
the EPA, provides detailed information on 
the general work practice requirements. 

For example, renovations must be 
performed by certified companies using 
certified renovators. Companies must 
post signs clearly defining the work area 
and warning occupants and other persons 
not involved in renovation activities to 
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remain outside of the work area. These 
signs should be in the language of the 
occupants. Prior to the renovation, a com- 
pany must contain the work area so that 
dust and debris do not leave the work area 
while the renovation is being performed. 

Furthermore, all objects must be re- 
moved from the work area or covered with 
plastic sheeting with all seams and edges 
sealed. All duct openings in the work area 
must be closed and covered with taped- 
down plastic sheeting. The windows and 
doors in the work area should be kept 
closed and doors must be covered with 
plastic sheeting. The floor surface must be 
covered with taped-down plastic sheeting 
in the work area a minimum of 6’ beyond 
the perimeter of surfaces undergoing 
renovation. After the renovation 1s com- 
plete, the work area must be cleaned until 
no dust, debris, or residue remains. 

In addition, waste from renovation ac- 
tivities must be contained to prevent the 
release of dust and debris before the waste 
is removed from the work area for storage 
or disposal. At the conclusion of each work 
day and renovation, waste that has been 
collected from renovation activities must be 
stored to prevent access to and the release 
of dust and debris. Waste transported from 
renovation activities must be contained to 
prevent the release of dust and debris. 


X 


Exercise caution around swinging arms and booms of excavating 


equipment. 
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Primers and Solvent Cements 


A primer is a chemical agent that cleans 
and softens plastic pipe and fittings and 
allows solvent cement to penetrate more 
effectively into the pipe. Solvent cement 
is a chemical agent that penetrates and 
dissolves the surface of plastic pipe and 
fittings. Primers and solvent cements 
are highly flammable and the vapors can 
ignite explosively. 


Safe Handling. Primers and solvent 

cements must be properly handled and 

applied to pipe and fittings to ensure 
safety. ASTM F402, Standard Practice 
for Safe Handling of Solvent Cements, 

Primers, and Cleaners Used for Join- 

ing Thermoplastic Pipe and Fittings, 

details safe practices when working 

with these materials. See Figure 2-35. 

Proper handling procedures when 

working with primers and solvent ce- 

ments include the following: 

e Avoid contact with skin. Applicators 
provided with the primers and solvent 
cements minimize the possibility of 
skin contact. 


e Wear goggles and a face shield when 
applying primers and solvent cements. 


e Wash clothing before reusing it if the 
clothing is contaminated, or properly 
dispose of the clothing. 


e Avoid breathing solvent cement va- 
pors. When using primers or solvent 
cements on the job site with limited 
ventilation, a ventilating device (fan 
or air mover) or approved respirator 
must be used. 


e Keep primers and solvent cements 
away from open flames, sparks, and 
heat sources. 


e Close primer and solvent cement 
containers when not in use. 


Manufacturer recommendations should 
be used to confirm that the cement used 
for joining materials is compatible with 
E materials being joined. 


Inhalation 


PLASTIC PIPE PRIMER AND SOLVENT CEMENT EXPOSURE 


Exposure may result in nausea, dizziness, or 
headache; can cause drowsiness and irritation of 
eyes and nasal passages 


Skin contact 


Contact may remove natural oils, resulting in irritation; 
dermatitis may occur with prolonged contact. 


Exposure 


Inhalation 


Eyes May cause moderate burning, tearing, redness, 
and swelling 
Ingestion Gastrointestinal tract irritation and/or discomfort 


Solvent Cements 


Exposure may result in nausea, dizziness, or 
headache; can cause drowsiness and irritation of 
eyes and nasal passages 


Skin contact 


Contact may remove natural oils, resulting in irritation; 
dermatitis may occur with prolonged contact 


Eyes 


Contact causes damage to eyes and nerves 
(possibly blindness) 


Ingestion 


Throat, stomach, and intestinal damage occurs; 
possible damage to liver and kidneys 


Sewer Gas 


Sewer gas is a mixture of vapors, odors, and 
gases and is the by-product of the decom- 
posed organic material found in sewers. 
High temperatures with sewer piping cause 
sewer gases to be created at a faster rate. 
Depending on the type and combination 
of gases, sewer gases could ignite and ex- 
plode. The most common sewer gases are 
hydrogen sulfide and methane. Hydrogen 
sulfide gas in small amounts is unhealthy 
and emits a “rotten egg” odor. Hydrogen 
sulfide reacts with water to form sulfuric 
acid, which is corrosive. Methane is a vola- 
tile gas and can be ignited by a spark, caus- 
ing violent explosions. Sewer gases can also 
create a lack of oxygen in confined spaces. 

OSHA regulations require that workers 
measure sewer gases in a sewer or manhole 
prior to removing the cover using a tri- 
detector. Plumbers exposed to sewer gases 
may become sick, develop serious health 
problems, or die from lack of oxygen. Pro- 
tective clothing and respirators are required 
in hazardous sewer environments. 


(possibly death) 


Other Trade Health Hazards 


Plumbers work at job sites that are at 
various stages of completion and must 
be aware of and protect against health 
hazards created by other tradesworkers 
of other trades at a job site. For example, 
dust containing crystalline silica particles 
is produced by concrete workers cutting 
concrete. Paint fumes and vapors are 
produced as painters apply paint to the 
building. Dust and insulation particles 
are generated during drywall sanding. 
A safety plan card may be required to 
indicate possible hazards on the job site. 
See Figure 2-36. 


Oiana e aN SENT PET A T AE 
er 
cael 


— 


An exposure control plan addressing pro- 
tective measures an employer will take to 
eliminate or minimize employee exposure 
to blood and blood-borne pathogens must 
be in place. The exposure control plan must 
meet the minimum provisions required by 


| OSHA 29 CFR 1910.1030. 


+ 
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Figure 2-35. Primers and 
solvent cements should 
be used in well-ventilated 
areas. 
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Safety PI 


(O 


SAFETY PLAN CARD 


Activity: g Emergency #: 
Foreman: Di Job #: 
Company: p Location: 


Date: 


Equipment/Training Required 


Completed By: 


Yes No Comments 


i 


Aerial Lifts 


2 


Powder-Actuated Tools 


Equipment/Training Required 


Ue 


Completed Safety Orientation? 
. Task Understood? č 
. Obtained Proper Safety Equipment? 
. Flammability/Oxygen checked? 


On|) w mM 


. Confined Space Procedure? 
Rescue Plan reviewed? 
. Valves: 

Disconnected in proper position? 


Tagged and locked? 


Number of Locks? 


| 


. Notified other workers in area? 


. Have proper tools? 
. Reviewed MSDS of hazardous materials 


possibly present? 


. Placed proper signage? 


. Rigging plan completed? 


. Type Of Permit Issued? (check applicable) 
Hot Work L] Crane LJ 
Electric Hot Work LI Scaffold o 
Live Utilities TiS wait 
Excavation = L] Other: LI 
Confined Space LÌ Other: O 


Figure 2-36. A safety plan card may have to be completed each day before beginning work at the job site. 
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Concrete. Concrete sawing and grinding, 
abrasive blasting of concrete, demolition 
of concrete structures, dry sweeping or 
pressurized air blowing of concrete, and 
concrete mixing produce dust containing 
crystalline silica particles. Crystalline 
silica, also known as quartz, is a natural 
compound found in the crust of the earth 
and is a basic component of sand and 
granite. Silicosis is a lung disease caused 
by inhaling dust containing crystalline 
silica particles. As dust containing crys- 
talline silica particles is inhaled, scar 
tissue forms in the lungs, which reduces 
the ability of the lungs to extract oxygen 
from the air. Since there is no cure for 
silicosis, exposure prevention is the only 
means of control. Disposable particulates 
masks are required when crystalline silica 
particles are present in the air. 
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The primary goal of OSHA is to provide 
employees with an environment that is 
free from recognized harzards. 


Paint. Painting operations provide 
exposure to chemical agents that are in- 
gredients of paint. Solvent-based paints 
contain aromatic and aliphatic hydro- 
carbons, ketones, and glycols. Ketones 
and glycols are harmful if inhaled or 
absorbed through the skin and are fatal 
if swallowed. Ketones and glycols cause 
reactions to skin, eyes, and respiratory 
tract, and also affect the central nervous 
system. 


Water-based paints may contain a bio- 
cide (formaldehyde) to prevent fungal 
growth. Formaldehyde is fatal or causes 
blindness if swallowed, but its vapor is 
harmful if inhaled or absorbed through 
the skin. Formaldehyde causes irritation 
to skin, eyes, and respiratory tract. 

Oil-based paints may contain cadmium 
or chromium compounds as pigments. 
Cadmium or chromium compounds cause 
severe burns and may be fatal if swallowed 
or inhaled. Their vapors are irritating to 
the eyes and respiratory tract and cause 
damage to lungs and kidneys. The risk of 
cancer depends on the duration and level 
of exposure. 

Urethane sealers utilize two chemicals that 
when mixed together create isocyanates. 
Health effects of isocyanate exposure 
include irritation of skin and mucous 
membranes, chest tightness, and difficulty 
breathing. Isocyanates are classified as 
carcinogens and are known to produce 
asthma and hypersensitivity pneumoni- 
tis. Protective clothing, ventilation, and 
respiratory protection are required when 
working at a job site where painting va- 
pors are in the atmosphere. 


Drywall. Drywall cutting and sanding 
operations produce airborne crystalline 
silica particles. The particles may cause 
irritation to skin, eyes, and/or respiratory 
tract. Prolonged exposure may cause 
silicosis. The appropriate respiratory 
protection is required when crystalline 
silica particles are present in the air. 


Insulation. Cutting and installation of cel- 
lulose, foam, or fiberglass insulations may 
create particles resulting in potential health 
risks. Cellulose insulation may cause irrita- 
tion or abrasion of the mouth and throat, 
headache, nausea, dizziness, and difficulty 
in breathing if inhaled. Contact with eyes 
causes irritation and tearing. 

Foam insulation may cause irritation to 
the respiratory tract if inhaled. Repeated 
exposure may cause lung damage. Con- 
tact with eyes causes irritation or corneal 
injury from abrasion. Fiberglass insula- 
tion may cause headache, nausea, dizzi- 


ness, and difficulty in breathing if inhaled. | 


Contact with eyes causes irritation and 
inflammation of the mucous membrane. 
tearing, and sensitivity to light. Repeated 
exposure causes inflammation of the eye- 
lids, digestive disturbances, weight loss, 
and general weakness. Extended exposure 
may result in respiratory and lung disease, 
bronchitis, asthma, or pulmonary heart 
disease. Plumbers working on a job site 
where insulation particles exist should 
wear personal protective equipment to 
avoid health hazards. 


Mold. Molds are fungi that can be found 
both indoors and outdoors. The exact 
number of the existing species of fungi 
is not known, but estimates range from 
the tens of thousands to the hundreds 
of thousands. 

Approximately 10% of the United States 
population is allergic to one or more types 
of mold. A certain level of mold must be in 
the air before a person suffers an allergic 
reaction. The higher the concentration 
of mold, the worse the reaction is likely 
to be. Under certain conditions, some 
types of mold produce toxins (poisons) 
or suspected carcinogens (cancer-causing 
substances). The toxins are usually con- 
centrated in the spores. The effects of 
toxic molds may include liver damage and 
immune system impairment. 

Water damage is not the only prereq- 
uisite for mold formation. A high hu- 
midity level is a more likely condition 
for mold formation than the presence 
of water. Molds grow best in warm, 
damp, and humid climates. They spread 
and reproduce by making spores. Mold 
spores can survive in harsh, dry envi- 
ronmental conditions, which are not 
normally considered conducive to mold 
growth. Mold in buildings can form 
on any material with cellulose, such 
as ceiling tiles, paper, and cardboard. 


OSHA has established permissible ex- 
posure limits for employees to various 
physical agents and chemicul substances. 
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OHS 


Leaking pipes or fixtures can create 
an environment that encourages mold 
growth. Often, the mold is hidden on the 
back of drywall or under tile and wallpa- 
per. See Figure 2-37. The easiest solution 
for removing the mold is to stop the leak 
and replace the contaminated building 
materials. In some cases, the materials 
may be cleaned to remove the mold 
spores, but this may be a time-consuming 
and expensive process. The proper PPE 
should be worn and EPA guidelines 
should be followed when performing 
mold remediation of any type. 


Molds 2 


Figure 2-57 nS 
Figure 2-37. Mold may be hidden on 


the back of drywall or under tile and 
wallpaper. 


Bloodborne Pathogens 


A bloodborne pathogen is a specific 
agent (bacterium or virus) of a disease 
in the blood. See Figure 2-38. Plumbers 
may be exposed to bloodborne pathogens 
if someone on the job site infected with 
a bloodborne pathogen receives a cut or 
injury or if a plumber is working in an 
environment (sewer or vessel) that allows 
pathogens to survive. 

OSHA 29 CFR 1910.1030, Blood- 
borne Pathogens Compliance Directive, 
specifies that bloodborne pathogen per- 
sonal protective equipment is readily ac- 
cessible and available in appropriate sizes. 
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Disposable gloves, body gowns, and 
other protective equipment that is re- 
quired to stop exposure to blood or other 
infectious materials must be available. 
All body fluids should be treated as 
potentially hazardous, even if no visible 
blood is detected. 


SOLDERING AND 
BRAZING SAFETY 


Soldering and brazing operations must 
be performed safely to ensure the safety 
of plumbers and other workers. Solder- 
ing and brazing equipment must be in 
good operating condition and be properly 
maintained. Established safety practices 
should be followed at all times. 


Safe Equipment Operation 

Appropriate personal protective equip- 
ment, including eye, head, and hand 
protection, must be worn when solder- 
ing or brazing. Soldering and brazing 
safety precautions include the proper 
handling of tanks and proper storage and 
maintenance of hoses. See Figure 2-39. 
Soldering and brazing equipment must 
not be dropped or otherwise misused. 
When transporting tanks, ensure they are 
firmly braced or chained into position. 
Before lighting a torch, purge the hose by 
allowing gas to flow for a few seconds. 
Use a striker to light the torch, keeping 
the torch pointed away from workers or 
materials. Other soldering and brazing 
Safety precautions include the following: 


e Keep soldering and/or brazing equip- 
ment clean, free of oil, and in good 
operating condition. 


e Keep heat, flame, and sparks away 
from combustibles. 


e Avoid leaks in gas cylinders. 


e Open cylinder valves slowly. 
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Use a tip cleaner to clean the tip of a 


| seen g torch. 


BLOODBORNE PATHOGENS 


Potentially fatal bacterial infection 
caused by Clostridium tetani, 
which can be found in dust, dirt, 
and feces; infects deep puncture 
wounds that do not bleed, 

but can infect burns, minor cuts, 
scrapes, and blisters 


Tetanus 


Figure 2-38. Exposure 
to bloodborne pathogens 
should be avoided unless 
appropriate precautions 


Must be treated/prevented immediately; 
are observed. 


try cleaning the cut or wound as 
thoroughly as possible with soap and 
water; receive a tetanus vaccination 
every 4 yr to 6 yr 


Cellulitus 


streptococcus (strep) or 
streptococcus (staph) bacteria; 


and grows, causing inflammation 
and infection 


Acute inflammation of skin tissues; 
caused by infection with 


bacteria enters body through wound 


Antibiotics treat the infection; analgesics 
control pain; antipyretics such as 
acetaminophen - oral to control fever; 
the infected area is elevated to reduce 
swelling; apply warm, moist compresses 
to increase circulation in the area and 
promote healing 


Hepatitis 


tattoo and/or body-piercing tools 


Soldering and 
Brazing Tanks 


‘Figure 2-39 | 


Figure 2-39. Soldering and brazing tanks 
must be secured to prevent tipping and 
damage. 


Fire Protection 

Proper fire protection equipment is 
necessary in all instances while work- 
ing with an open flame. When possible, 
soldering and brazing operations should 
be performed in an area that does not 
contain combustible material. If com- 
bustible material is nearby, the material 
must be protected. A fire watch should be 
provided if a high risk exists. 


Fire-Resistant Gels. Fire-resistant gels 
can be placed around the plumbing 
component being soldered or brazed to 
provide a heat barrier that protects the 
component from heat. The gel absorbs 
the heat and evaporates in 24 hr to 48 hr. 


Liver inflammation commonly caused 

by viral illness; HAV contracted by placing 
feces-contaminated item in mouth; 
hepatitis viruses B through G contracted 
by close person-to-person contact or 
contact with infected blood, needles, 


Vaccines recommended for HAV, HBV. 

HDV, HFV, and HGV if taken within two 
weeks of exposure; always wash hands 
with soap and water 


Fire Protective Mats. A fire protective 
mat is a heat resistant cloth that may be 
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positioned as a barrier to keep the torch "Fire prevention is ad- 
flame from damaging materials close to dressed in OSHA 29 CFR 
the joint being soldered or brazed. See 1926 Subpart F, Fire Pro- 


Figure 2-40. Fire protective mats are (baa ‘atte Gy Gut tiead 


made with heat-resistant materials such 
as ceramics and silica. Even though the 
torch flame may be in contact with the 
cloth on one side, the other side stays 
cool. Fire protective mats are useful when 
soldering or brazing up against other 
building materials. 


Fire Protective Mats 
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Figure 2-40. Fire protective mats are 
used to protect materials near joints 
being soldered or brazed from damage. 
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FIRE EXTINGUISHERS 

When prefabricating plumbing assem- 
blies, soldering and brazing operations 
should be performed in an area that 
does not contain combustible materi- 
als. Studs, joists, and other combus- 
tible materials must be protected with 
fire-resistant materials when soldering 
or brazing operations are conducted 
in-line, such as when installing water 
distribution pipes. 

Fire extinguishers should be identi- 
fied and readily available on a job site 
in case of a fire. The National Fire 
Protection Association (NFPA) classifies 
fires as Class A, B. C, D. and K based on 
the combustible material. The appropri- 
ate fire extinguisher must be used on 
a fire to safely and quickly extinguish 
the fire. Types of fire extinguishers 
are identified by color and shape. See 
Figure 2-41. 

Class A fires are caused by most com- 
bustible materials, such as wood, paper, 
rubber, plastic, and cloth. Class A fire 
extinguishers are identified by the color 
green inside a triangle. Class A fires are 
extinguished with water or dry chemicals. 
Carbon dioxide, sodium, and potassium 
bicarbonate chemicals should not be used 
on a Class A fire. 

Class B fires are caused by flammable 
liquids, gases, or grease. Class B fire 
extinguishers are identified by the color 
red inside a square. Class B fires can be 
extinguished with dry chemicals, foam, 
and carbon dioxide extinguishers. 

Class C fires are electrical fires. Class 
C fire extinguishers are identified by 
the color blue inside a circle. Elec- 
trical fires require a non-conducting 
agent, such as carbon dioxide or dry 
chemicals, to extinguish them. Foam 
extinguishers or water must not be used 
on electrical fires. 


The symbols on fire extinguishers indicate 
the types of fire the devices are designed 
| to extinguish. 
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Fire Extinguishers 
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Figure 2-41 


Figure 2-41. Fire extinguisher classes 
are based on the combustible material. 


Class D fires are caused by combusti- 
ble metals, such as magnesium, titanium, 
or sodium. Class D fire extinguishers are 
identified by the color yellow inside a 
star. Class D fires cannot be extinguished 
with Class A, B, or C extinguishers; the 
chemicals in common extinguishers can 
intensify the fire, rather than put it out. 
Dry-powder extinguishers are available 
that are made specifically for the types 
of metal hazards present. 

Class K fires involve grease in com- 
mercial cooking equipment. Class K 
extinguishers coat the fuel with wet- or 
dry-based chemicals. 


INCIDENT REPORTS 

An incident report is a document that 
details the facts about an incident. See 
Figure 2-42. All incidents, regardless 
of their nature, must be reported. Inci- 
dent report forms commonly include 
the name of the injured person, date, 
time, and place of incident, immediate 
supervisor, and circumstances surround- 
ing the incident. Incident reports are re- 
quired for insurance claims and become 
a permanent part of company records. 
Information about causes of the incident 
can be used to prevent future injuries. 


Figure 2-42. An incident 
report is a document that 
details facts about an 


Incident Reports rs Figure 2-42 
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7 Dateotincident  _$/16 time 12: EA m LES Oa Wines eaten 
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ORS OS A ae 
REVIEW QUESTIONS 


. List the categories of PPE that may be required by a plumber. 
. Identify four hand tool safety precautions. 

. Identify four power tool safety precautions. 

. What is a GFCI and how does it operate? 

. What is an angle of repose? 

. Describe the two methods for properly raising a ladder. 

. Identify the three types of aerial lifts and briefly describe each. 


. List four motor vehicle safety precautions. 
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- What is an MSDS and what information does it provide to a plumber? 


— 
© 


» What is occupational irritant contact dermatitis and how can it be prevented? 
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undamental math skills are essen- 

tial to efficiently and accurately 

perform math calculations. A 
plumber must have a thorough under- 
standing of fractions and decimals to 
use plumbing formulas and perform 
calculations such as water pressure, 
pipe offset, change in grade, area, and 
volume calculations. 


FRACTIONS 


Most measurements used by plumb- 
ers on the job site involve fractions. 
Dimensions on prints are typically ex- 
pressed as fractions, such as 1⁄2” or 3⁄4”, 
or as a combination of a whole number 
and a fraction, such as 11⁄4” or 254”. A 
fraction is a part of one; for example, 1⁄4” 
is one-fourth of 1” and Ys” is one-eighth 
of 1”. The number above the fraction 
bar of a fraction is the numerator and 
the number below the fraction bar is the 
denominator. See Figure 3-1. 

Three types of fractions are typic- 
ally involved in calculations—proper 
fractions, improper fractions, and 
mixed numbers. A proper fraction, or 
common fraction, is a fraction with a 
numerator smaller than its denomina- 
tor such as ¥s. An improper fraction 
is a fraction with a numerator larger 
than its denominator such as %4. A 
mixed number is a value that consists 
of a whole number and a proper frac- 
tion such as 1%. Many calculations 
involve converting mixed numbers 
to improper fractions and improper 
fractions to mixed numbers. 


Quantity | Enatish Unit Symbol Metric Unit Symbol 
= " — =? 
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Converting Mixed Numbers to 
improper Fractions 


When performing addition or subtraction 
involving mixed numbers such as 6%, the 
mixed numbers are first converted to im- 
proper fractions. Mixed numbers are con- 
verted to improper fractions by multiplying 
the whole number by the denominator and 
adding the value of the numerator. The sum 
(total) is then written over the denomina- 
tor. For example, 6% is expressed as the 
improper fraction °¥% (6% = [6 x 8] + 5 = 
a8 =o — 78), 


Converting Improper 
Fractions to Mixed Numbers 


When an addition or subtraction calculation 
results in an improper fraction, the improp- 
er fraction is converted to a mixed number. 
Divide the numerator of the improper frac- 
tion by the denominator. The number of 
times that the denominator 1s divided into 
the numerator is the whole number, and 


— 
call 
oe 


To ensure the accuracy 
of a mixed number-to- 
improper fraction conver- 
sion, convert the proper 
fraction back to a mixed 
number; the results 
should be the same as the 
original mixed number. 


Printreading commonly requires the use of math skills. 
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Figure 3-1 
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Figure 3-1. Proper fractions and mixed numbers are commonly used on prints. 
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the remainder is the numerator of the 
proper fraction. The original denomi- 
nator is retained as the denominator of 
the proper fraction. For example, 1% is 
expressed as the mixed number 2% (19 + 
8 = 2, remainder 3 = 2%). 


Converting Fractions to 
Common Denominators 


When performing addition or subtraction 
calculations involving proper and improper 
fractions, the fraction denominators must 
be the same. For example, when adding 
V4” and 12”, the denominator of 4%” must be 
converted to a common denominator of 4 
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by multiplying it by 2. Since the denomina- 
tor is multiplied by 2, the numerator must 
also be multiplied by 2 (2 x 42 = %). The 
fractions are then added while retaining a 
common denominator of 4 (Y4” + 34” =”). 


Reducing Fractions 
to Lowest Terms 


When addition and subtraction calcu- 
lations are completed, fractions often 
must be reduced to lowest terms. For 
example, when two lengths of pipe mea- 
suring 51⁄4” and 2%” are added, the sum 
(7%) must be reduced to lowest terms. 
The largest number that can be divided into 


both the numerator and denominator without 
leaving a remainder must be determined. 
The numerator and denominator are divided 
by this number to obtain the new fraction. 
For 7%”, the largest number that can be 
divided into the numerator and denomina- 
tor without leaving a remainder is 2. The 
numerator and denominator are divided 
by 2 to obtain 71⁄2”, which is reduced to 
lowest terms. 


Adding Fractions 
and Mixed Numbers 


Fractions are commonly part of di- 
mensions used on prints and rough-in 
sheets. When adding fractions, the 
denominators of the fractions must be 
the same prior to performing addition. 
If the denominators of the fractions are 
the same, the numerators are added and 
the sum is placed over the common 
denominator. If the sum is an improper 


fraction, it is converted to a mixed num- 
ber. For example, when 9”, 7”, and 5” 
dimensions are added. the solution is 
1⁄8” (+ s + = = 1%), 

If the denominators of the fractions 
are different, the fractions must be con- 
verted to a common denominator prior 
to performing addition. For example, 
when 1⁄2” and 4” are added. the solution 
is y” (V2 = Ya; Ya + Ys=%). If the sum is 
an improper fraction, it is converted to a 
mixed number. 

Frequently, dimensions on prints and 
rough-in sheets are mixed numbers. 
Mixed numbers are converted to improper 
fractions prior to adding them. If the im- 
proper fraction denominators are different, 
the fractions are converted to a common 
denominator. See Figure 3-2. The im- 
proper fractions are then converted to 
mixed numbers. 


When adding fractions, 
the denominators must 
| be the same. 


Figure 3-2. Mixed num- 
bers are converted to 
improper fractions prior to 
addition. 


Figure 3-2 


Ae 


5r 
+- _ 
=| 
im. 
ADDING MIXED NUMBERS 2-2/5" 
o 

Total Distance = 5⁄2” + 1%” 
Total Distance = 1⁄2" + 1%” 4” 1-4” 0.D, 
Total Distance = *⁄” + 1%” 
Total Distance = 57” POP-UP DRAIN 


Total Distance = 7%” 


spin renee en EEE 
Kohler Co 


Chapter 3—Plumbing Math Za 


- 


a 


When subtracting mixed 
numbers. the mixed num- 
bers are converted to im- 
proper fractions prior to 


subtracting them. 


Figure 3-3. Dimensions 
missing from prints can be 
calculated by subtraction. 
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Subtracting Fractions 
and Mixed Numbers 


Subtraction calculations with fractions are 
commonly performed on a job site to deter- 
mine dimensions that may be omitted from 
the prints. As with addition calculations, the 
fraction denominators must be the same 
prior to performing subtraction calcula- 
tions. If the denominators are the same, 
simply subtract the numerators and place 
the result over the common denominator. 
If possible, the result is reduced to lowest 
terms. For example, when %” is subtracted 
from 7%”, the result is 4” (2-%=% = VY). 


If the denominators of the fractions to 
be subtracted are different, the fractions 
must be converted to a common denomi- 
nator prior to performing subtraction. For 
example, when 1%” is subtracted from 7”, 
the solution is %” (2 = %; %8 — %8 = %). 

When subtracting mixed numbers, the 
mixed numbers are converted to improper 
fractions prior to subtracting them. If the 
improper fraction denominators are differ- 
ent, the fractions are converted to a com- 
mon denominator prior to performing sub- 
traction. See Figure 3-3. If the subtraction 
calculation results in an improper fraction, 
it must be converted to a mixed number. 


Subtracting Mixed Numbers 
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Multiplying Fractions 
and Mixed Numbers 


Multiplication calculations are performed 
with a fraction and a whole number, with 
a fraction and a mixed number, or with 
two fractions. When multiplying a frac- 
tion and a whole number, multiply the 
fraction numerator by the whole number. 
If the result is an improper fraction, it is 
converted to a mixed number and reduced 
to lowest terms when necessary. Multipli- 
cation calculations using a fraction and a 
whole number may be used to determine 
the length of time needed to fabricate com- 
ponents. For example, if it takes 1⁄2 min 
to prefabricate one component, it will take 
10 min to prefabricate 20 components. 


J 9 
i _ 1x20 = =10 


When multiplying a fraction and a 
mixed number, convert the mixed number 
to an improper fraction before perform- 
ing the calculation. If necessary, the 
resulting fraction is reduced to lowest 
terms or a mixed number. 

Multiplication may also be performed 
with two fractions by multiplying the nu- 
merators and then multiplying the denomi- 
nators. [f necessary, the resulting fraction 
is reduced to lowest terms or converted 
to a mixed number. For example, if an 
oxygen tank is % full at the beginning of 
a week and it is estimated that 1⁄2 of the 
remaining oxygen will be used during the 
week, approximately % of the oxygen 
will remain in the tank at the end of the 
week. See Figure 3-4. 
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Multiplying Fractions : 
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Figure 3-4. Multiplication 
may be performed with 
two fractions by multiply- 
ing the numerators and 
then multiplying the de- 
nominators. 
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A decimal is a fraction 
whose denominator is 10, 
100, 1000, or other mul- 


tiple of 10. 


Figure 3-5. When adding 
decimals, the decimal 
points are aligned verti- 
cally before performing 
the addition calculation. 


Dividing Fractions 
and Whole Numbers 


Division calculations involve dividing 
the dividend (first number) by a divisor 
(second number) to obtain a quotient 
(answer). When dividing a fraction by 
a whole number, multiply the fraction 
denominator by the whole number. For 
example, when 3⁄4” is divided by 2, the 
quotient is 9%”. 

2 +2 = 3 = 3 

4 4x2 8 

When dividing a whole number by a 

fraction, the fraction 1s inverted (denomi- 
nator placed above the numerator) and 
the inverted fraction is multiplied by the 
whole number. For example, when 6” is 
divided by 3⁄4”, the quotient is 8. 
3 B 6x4 x 2 -8 


j+ — 


4 3 3 


DECIMALS 


Decimals are encountered frequently 
in applications ranging from plumbing 
formulas to a weekly paycheck. Deci- 
mals, like fractions, are a part of a whole 
number. A decimal can be considered a 
fraction whose denominator is 10, 100. 
1000, or other multiple of ten. Commonly 
used decimals are the following: 

0.1 = Yio = one-tenth 

0.01 = Yoo = one-hundredth 

0.001 = Yiooo = one-thousandth 

0.0001 = “10.000 = one ten-thousandth 

To aid in reading a decimal, convert the 

decimal to a fraction. Use the decimal (with- 
out the decimal point) as the numerator, 


Adding Decimals — 


with the number | and a zero for each dec- 
imal place as the denominator. For exam- 
ple, 0.5 = “Ao = five-tenths, 0.25 = 7/100 = 
twenty-five hundredths, and 0.750 = 
7504000 = seven hundred fifty thousandths. 


Adding Decimals 


Decimals are added by arranging 
the figures so the decimal points are 
aligned vertically, then proceeding as 
with the addition of whole numbers. 
For example, when determining the 
taxable hourly wage rate for plumbers, 
contributions to a credit union fund, 
building fund, vacation fund, and pipe 
trades organizational fund are added to 
the hourly base wage. See Figure 3-5. If 
some decimals have fewer digits behind 
the decimal point than other numbers, 
zeros are added to the ends of these 
numbers so that all the numbers contain 
the same number of decimal places. 


Subtracting Decimals 


Decimals are subtracted by arranging 
the figures so that the decimal points are 
aligned vertically, then proceeding as with 
subtraction of whole numbers. One appli- 
cation of subtracting decimals is a weekly 
paycheck in which deductions for state 
and federal taxes, medical insurance, and 
other contributions are subtracted from the 
gross amount to determine the net amount 
or take-home pay. See Figure 3-6. If some 
decimals have fewer digits behind the 
decimal point than other numbers, zeros 
are added to the ends of these numbers 
so that all the numbers contain the same 
number of decimal places. 


Figure 3-5 
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Taxable Hourly Wage Rate = Hourly Base Wage + Contributions 


$25.55 Hourly Base Wage 
0.50 Credit Union Fund 
0.05 Building Fund 
1.00 vacation Fund 
0.10 Pipe Trades Organizational Fund 
0.50 Market Recovery Fund 
Taxable Hourly Wage Rate = $27.70 
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Subtracting Decimals 


Figure 34 
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GROSS AMOUNT `TOTAL DEDUCTIONS 


Figure 3-6. Take-home pay is calculated by subtracting deductions from the gross amount. 


Multiplying Decimals 

Decimals are multiplied by multiplying 
the two numbers together and then add- 
ing the number of decimal places in the 
two original decimals and marking off as 
many places in the answer starting from 
the right side. For example, if a plumber 
is assigned to a certain job for 4.5 hr per 
day for 4 days, a total of 18 hr can be billed 
(4.5 x 4 = 18.0). 


Dividing Decimals 

Division calculations, using the long- 
division method, involve dividing the 
number inside the bracket (dividend) 
by the number to the left of the bracket 
(divisor) to obtain the number above the 


Dividing Decimals —- 


bracket (quotient). The procedure for 
dividing a whole number by a decimal or 
a decimal by a whole number using the 
long-division method is: 


1. Move the decimal point in the divisor 
to the extreme right. 


N 


Add as many zeros to the dividend as 
the number of places the decimal point 
in the divisor has been moved. 


3. Place a decimal point after the last zero 
in the dividend, if necessary. 
4. Proceed to divide as in long division. 


For example, if it takes 142 (1.5) min to 
pull a copper tee, 20 tees can be pulled in 
30 min. See Figure 3-7. 


Figure 3-7 


Determine the number of copper tees that can be pulled in 30 min if it takes 1.5 min to pull one tee. 
No. of Tees = Total Time + Time per Tee 
No. of Tees = 30 + 1.5 


No. of Tees = 20 
DIVISORS 


y .5. ) 30 -— DIVIDEND 


MOVE DECIMAL POINT 
IN DIVISOR TO RIGHT 


15. ) 300. 


PLACE DECIMAL POINT IN 
DIVIDEND 


15. ) 300 


(2) ADD ZEROS TO DIVIDEND 


20. -— QUOTIENT 
oe ) 300. 
(4) PROCEED WITH DIVISION 


Figure 3-7. Decimals are 
divided using a four-step 
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“When convertin g proper 
or improper fractions 
to decimal inch equiva- 
lents, the numerator is 
divided by the denomi- 

| nator. 


DECIMALS AND 
FRACTIONS 


Dimensions on engineering and architec- 
tural prints are expressed as engineering 
units or architectural units. Engineering 
units, such as 191.52’, are commonly used 
on plot and foundation plans to express 
building and piping elevations. Architectural 
units, expressed in feet. inches, and fractions 
of an inch, are typically used on floor plans, 
sections. and details. Architectural units, 
such as 12-61%”, are more commonly used 
by plumbers than engineers. Architectural 
units must be converted to engineering units 
for certain applications, while engineering 
units must be converted to architectural 
units for other applications. 


Converting Fractions to 
Decimal Equivalents 


Fractions can be converted into their 
decimal inch or decimal foot equivalents. 
When converting proper and improper 
fractions to their decimal inch equivalents, 
the numerator is divided by the denomina- 
tor. For example, the decimal inch equiva- 
lent of %4” is 0.75” (3 + 4 = 0.75), and the 
decimal equivalent of 1%” is 1.875” (15 + 
8 = 1.875). Mixed numbers are converted 
to improper fractions prior to dividing 
the numerator by the denominator. For 
example, the decimal inch equivalent of 
434" is 4.75” (44 = 1% = 4.75). 

The conversion of inches and decimal 
parts of an inch into decimal foot equivalents 
and vice versa is accomplished mathemati- 
cally or by memory. Mathematically, full 
inches and decimal equivalents of an inch 
are divided by 12 to obtain a decimal foot 
equivalent. For example, when 9” is con- 
verted to a decimal foot equivalent, the 
result is 0.75’ (9” + 12 = 0.75’). When an 
architectural unit includes an inch fraction. 
the fraction is first converted to a decimal 
inch equivalent. This conversion is accom- 
plished by dividing the numerator of the 
fraction by the denominator, or by refer- 
ring to a decimal equivalents chart. See 
Figure 3-8. The decimal inch equivalent 
is added to the full inch value and the 
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DECIMAL EQUIVALENTS 


Decimal Equivalent* 
0.0625 
0.125 
0.1875 
0.25 
aes 
oere 
0.4375 
0.5 
0.5625 
0 625 
0.6875 
0.75 
08125 
0.875 
j 


Fraction’ 


“in in. 


Figure 3-8. A decimal equivalents chart 
can be used to convert a fractional inch 
to its decimal equivalent. 


sum is divided by 12 to obtain a decimal 
foot equivalent. For example. when 542” 
is converted to a decimal foot equivalent, 
the result is 0.46’: 
I 53 
5—=5.5:— = 0.46 
12 


4 


“= a 


The memory method of conversion 
is referred to as field conversion. Field 
conversion is not as exact as the mathe- 
matical method, but it is adequate for most 
plumbing calculations and is faster than 
the mathematical method. Five accuracy 
points throughout a foot measurement 
provide memory guides. The accuracy 
points are 0” (0.00’), 3” (0.25’), 6” (0.50’), 
9” (0.75’), and 12” (1.00’). See Figure 3-9. 

Field conversion assumes that each 1⁄8” 
equals 0.01’ and each full 1” equals 0.08’. 
The addition or subtraction of 0.01’ for 
each 1⁄8” and 0.08’ for each 1” from the 
closest of the five accuracy points provides 
an accurate dimension anywhere through- 
out the length of a foot by performing 
simple mathematical calculations. For 
example, to convert 54%” to a decimal 
foot equivalent, select the closest accuracy 
point. The closest accuracy point to 5” is 
6”. Six inches (6”) equals 0.50’. Subtract 
0.01” for each 1%”, and the result is 0.50’ — 
0.04’ = 0.46’ (2” = 0.04’). 


inch-Decimal Foot Conversions 


NoN ys 
POINTS 16. 


S 
\ 


0” 0.00’ 
+0.08 
i” 0.08’ 


y 


0.17’ 
-0.08’ 

0.25’ 
+0.08’ 

0.33’ 


0.42’ 
—0.08' 


2 
3 
4 
5 
6 0.50’ 
7 
8 
g 


+0.08’ 
0.58’ 


0.67’ 
-0.08’ 

0.75’ 
+0.08 

104 0.83’ 


aX 1 0.92’ 


A -0.08 


12i 1.00 


DECIMAL FOOT EQUIVALENTS 


95” = x.xx’ 


1. <9" =O. 
a er = 005, 


3. AOD — 0.75'+0.05 = 0:80" 
FIELD CONVERSION 


SIAE 


1. CONVERT 5%” TO DECIMAL FOOT EQUIVALENT 


34 = S75 
2. DIViBE By 12 


MATHEMATICAL 


Converting Decimals to Inch 
Equivaients 

Decimals can be converted to their frac- 
tional inch or fractional foot equivalents. 
When converting decimal inch values to 
fractional inch equivalents, multiply the 


decimal inch value by the numerator of a 
fraction that has the same numerator and 
denominator. If the resulting numerator 
is not a whole number, round off the 
numerator to the nearest whole number 
and reduce the answer to lowest terms. 


Figure 3-9. Field conver- 
sion of inch values to their 
decimal foot equivalents 
provides sufficient accu- 
racy for plumbing and is 
faster than the mathemati- 
cal method. 
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For example, the fractional inch equiva- 
lent of 0.734” is approximately 3⁄4”. 
0734x2= 0.7348 _ 5. 872 _6_3 
8 8 8 8 4 
Decimal foot values are converted to their 
inch equivalents by multiplying the decimal 
foot value by 12. For example, the inch 
equivalent of 0.75’ is 9” (0.75 x 12 = 9). 
If a decimal value remains after multiply- 
ing the decimal foot value by 12, convert 
the decimal value to its fractional inch 
equivalent by multiplying the decimal 
value by the numerator of a fraction that 
has the same numerator and denomina- 
tor. See Appendix. For example, the inch 
equivalent of 0.8’ is 95%”. 


0.8x12=9.6 
oo 8 06x8_48_5 
8 8 8 
Dees 
$ 


METRIC MEASUREMENT 


Metric measurement and units may be en- 
countered in some applications. Fittings 


and specialized valves are manufactured 
to customary English units and metric 
units. The S/ (Svstème International) 
metric system is a decimal measurement 
system based on the meter and kilogram. 
See Figure 3-10. 

Metric prefixes, such as milli-, centi-, 
and kilo-. are used to differentiate units 
in the SI metric system. See Figure 3-11. 
Metric prefixes indicating values less than 
l end in the letter “i,” while values greater 
than | end in letters other than “i.” 

The meter is the basic unit of length in 
the SI metric system. A meter is divided 
into smaller units of centimeters and mil- 
limeters. One centimeter is “100 meter 
(1 cm = 0.01 m) and one millimeter is 
1o00 meter (1 mm = 0.001 m). One meter 
is equal to 3.28’. Metric-to-English and 
English-to-metric conversion tables are 
used to convert units from one measuring 
system to the other measuring system. See 
Appendix. Centimeters and millimeters are 
used to express small length dimensions, 
such as the diameter of a fitting, while me- 
ters are used to express longer dimensions, 
such as the length of a lot line. 


ENGLISH AND METRIC UNITS 


Meter 


Weight Pounds 


Kilogram 


Area Square feet 


Square meter 


Volume Cubic feet 


Cubic meter 


Capacity Gallons 


Liter 


Pounds per 


Pressure 
square inch 


Kilopascal 


Degrees 


Temineanune Fahrenheit 


Degrees 
Celsius 


Figure 3-10. Standard units of measurement are used for the English and SI metric 


systems. 


METRIC PREFIXES 


Value 
Thousandths 


Hundredths 


Tenths 


Tens 
Hundreds 


Thousands 


Figure 3-11. Prefixes are used to differentiate units in the SI metric system. 


PLUMBING DESIGN AND INSTALLATION 


The kilogram is the basic unit of weight 
in the SI metric system. A kilogram is di- 
vided into smaller units including grams, 
centigrams, and milligrams. One gram is 
equal to 0.035 oz. One gram is “ooo kilo- 
gram (1 g = 0.001 kg). One centigram 
is 100 gram (1 cg = 0.01 g) and one mil- 
ligram is Yiooo gram (1 mg = 0.001 g). 

One of the main advantages of the SI 
metric system is that one metric unit is 
converted to another unit by multiplying 
or dividing by multiples of 10, which 
moves the decimal point to the left or 
right. For example, | m = 100 cm (1 mx 
100 cm/m = 100 cm) and | m = 0.001 km 
(1 mx 100 km/m = 0.001 km). When con- 
verting from a larger unit such as a meter 
to a smaller unit such as a centimeter, the 
decimal point is moved to the ri ght. When 
converting from a smaller unit such as a 
meter to a larger unit such as a kilometer, 
the decimal point is moved to the left. 


PIPING CALCULATIONS 


Plumbers must make calculations involv- 
ing fractions and decimals on a job site 
quickly and accurately. Calculations for 
single-pipe offsets, multiple-pipe offsets, 
rolling offsets, and grade are commonly 
required for drainage piping to ensure 
proper drainage and minimize the pos- 
sibility of stoppage. 


Single-Pipe Offsets 

One of the most frequent plumbing math 
applications is calculating a single-pipe 
offset. An offset is a combination of 
elbows or bends that brings one section 
of pipe out of line but into a line parallel 
with another section. The travel length of 
a pipe offset can be calculated if the angle 
of the fittings used and the offset or ad- 
vance distance is known. See Figure 3-12. 
The travel length is the distance from the 
center of one offset fitting to the center of 
the other offset fitting. The offset distance 
is the horizontal distance between the 
centerlines of the two vertical sections 
of pipe to be offset. The advance is the 
vertical distance between the centers of 
two offset fittings. 


Offsets 


ADVANCE 
| 


OFFSET 
PW DISTANCE 


Figure 3-12 


Five fittings are commonly used to 
construct offsets. See Figure 3-13. The 
degree or fitting angle is measured from 
the vertical plane: 

e = 222° elbow or Vie bend 


e 45° elbow or ¥s bend 
+ 60° elbow or ¥% bend 
e 72° elbow or % bend 
e 90° elbow or %4 bend 


Offset Fittings 


(a 
a) ez 
z m 
D (29) 
T 
ehh a TES 
<| œf qQ 
G ei = 
i= Li 
x = a Q 
S 8) slg 
= J) Œ| aj o 
A Se 
T E E 
N a = ay 
tw jog 
5| | S| & 
S wl = a 
ee O A 
en (28) 
i = 
EO) f 
p z 
= 
(©) 
faa) 
Sy 
uw 
ro) 
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Figure 3-12. An offset is 
a combination of elbows 
or bends that brings one 
section of the pipe out of 
line but into a line parallel 
with another section. 


Figure 3-13. Five fittings 
are used to construct off- 
sets, with the degree or fit- 
ting angle measured from 
the vertical plane. 
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When constructing a single-pipe offset, 
the fitting allowance of both fittings must 
be subtracted from the travel length. The 
fitting allowance (FA) is the measure- 
ment from the end of a travel piece 
when it is properly installed at the 
center of a fitting. See Figure 3-14. The 
fitting allowances, which are obtained 
from manufacturer catalogs or by mea- 
suring the fittings, must be subtracted 
from the center-to-center distance of 
the travel piece to obtain the end-to-end 
length of the travel piece. The center-to- 
center (C-C) distance is the theoretical 
length of a travel piece. The end-to-end 
(E-E) length is the actual length of a 
travel piece. 


The fitting allowance ts 
the measurement from 
the end of a travel piece 
when it is properly made 
into the fitting socket. 


Figure 3-14. When con- Single-Pipe Offset ——______—— 
structing a single-pipe . 
offset, the fitting allow- 
ances are subtracted from 
the C-C distance or travel 
length to obtain the E-E 


length of the travel piece. 


f 
Ls 


Figure3-14 === 


The C-C distance, or travel length, 
is calculated by multiplying a fitting 
angle constant by the offset or advance 
distance. See Figure 3-15. The third 
column of the Single-Pipe Offset Con- 
stants table is used most frequently 
since the offset distance is usually 
known. (No constant is provided for a 
90° elbow or 1⁄4 bend because the travel 
length is equal to the offset distance.) 
To find the C-C distance of a travel 
piece when the offset is known, the 
following formula is applied: 

C-C Distance = Offset Distance 

x Constant 


C-C Distance = center-to-center 
distance (in in.) 


Offset Distance = offset distance 
(in in.) 

Constant = 1.414 (from Single- 
Pipe Offset Constants 
table) 

The E-E length of the travel piece is 
calculated by subtracting the fitting al- 
lowance of both fittings from the C-C 
distance. To find the E-E length, the 
following formula is applied: 

E-E Length = C-C Distance — 

(FA x 2) 
where 


E-E Length = end-to-end length 
(in in.) 

C-C Distance = center-to-center 
distance (in in.) 


FA = fitting allowance (in in.) 


SINGLE-PIPE OFFSET CONSTANTS 


Travel 
Length = 
Offset 
Distance x 


| Advance = 
Offset 
Distance x 


Travel 
Length = 
Advance x 


Fitting 


Fitting Angle* 


Advance = 


Length x 


Offset 
Distance = 
Travel 
Length x 


Offset 
Distance = 
Advance x 


Travel 


" in degrees 


Figure 3-15. The third column is used most frequently to determine the C-C distance since the offset distance 


is typically known. 


84 PLUMBING DESIGN AND INSTALLATION 


For example. determine the E-E length 
of the travel piece if the offset distance is 
22” and the offset is made with 1”, 45° 
copper elbow fittings (FA = 0.375”). 

C-C Distance = Offset Distance x 

Constant 


C-C Distance = 22 x 1.414 
C-C Distance = 31.108” 


E-E Length = C-C Distance — 
(FA x 2) 


E-E Length = 31.108 — 0.75 
E-E Length = 30.358” = 30%” 


Multiple-Pipe Offsets 


For appearance, when two or more runs 
of pipe are installed parallel to each other, 
the pipes should have a uniform spread. 
Spread is the horizontal center-to-center 
distance between pipes in a multiple-pipe 
offset. The elbows of the offset must be 
properly located in relationship to each 
other to maintain an equal spread. See 
Figure 3-16. The spread between the 
offsets and the E-E length of the pipes 
remains the same and the vertical pipes 
leading into the offsets are different. 


Muitiple-Pipe Offsets 


m DIFFERENCE 
IN LENGTH 


SPREAD =i SPREAD = 


Figure 3-16 - 


Figure 3-16. The spread should remain 
uniform for multiple-pipe offsets. 


Fitting 


MULTIPLE-PIPE OFFSET UNIFORM SPREAD CONSTANTS 


Fitting Difference in Length = 
Angle* Spread x 


onig 


The fittings in a multiple-pipe offset 
must be properly located to maintain a 
uniform spread. The difference in the 
length of the vertical pipes is added to (or 
subtracted from) the length of adjacent 
vertical pipes to determine the lengths 
of the other pipes. Similar to calculating 
single-pipe offsets, a constant is used to 
calculate the difference in length. See 
Figure 3-17. To find multiple-pipe off- 
set with uniform spreads, the following 
procedure is applied: 

1. Determine the spread in inches. 


2. Determine the difference in length of 
the pipe by multiplying the spread by 
the appropriate constant in the third 
column of the Multiple-Pipe Offset 
Uniform Spread Constants table for 
the fitting being used. 


3. Add the difference in length to the 
vertical pipe length (or subtract the 
difference in length from the vertical 
pipe length) for each of the adjacent 
pipes. 

For example, determine the differ- 
ence in length and C-C distance of 
three pipes running 8” C-C, and which 
are offset 24” with 45° elbows. 

d= Sx Constant 

where 

d = difference in length (in in.) 

S = spread (in in.) 

Constant = 0.414 (from Multiple- 

Pipe Offset Uniform 
Spread Constants table) 
d= S x Constant 

d=8 x O44 


d= 3.312” = 316” 


Travel Length = 
Offset Distance x 


"in degrees 


Spread ts the horizontal 
center-to-center distance 
between pipes in a multiple- 


pipe offset. 


Figure 3-17. The fittings 
in a multiple-pipe offset 
must be properly locat- 
ed to maintain a uniform 
spread. 
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Figure 3-18. The cen- 
terline of a rolling offset 
changes direction both 
horizontally and vertically. 
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C-C Distance = Offset Distance x 
Constant 


where 


C-C Distance = center-to-center dis- 
tance (in in.) 


Offset Distance = offset distance (in in.) 


Constant = 1.414 (from Single-Pipe 
Offset Constants table) 


C-C Distance = Offset Distance x 
Constant 


C-C Distance = 24 x 1.414 
C-C Distance = 33.936” = 331546” 


Rolling Offsets 

A rolling offset is another frequently used 
offset. A rolling offset is an offset in which 
the centerline of a pipe changes direction 
both horizontally and vertically. See Fig- 
ure 3-18. To determine the travel length 
in a rolling offset, the offset distance, rise, 
and the spread must be known. Rise is the 
vertical distance a pipe is offset. Spread in 
a rolling offset is the horizontal distance 
the pipe is offset. To find offset distance, 
the following formula is applied: 


Rolling-Offset Centerlines z 


i 


Offset Distance = V (Rise? + Spread?) 

where 

Offset Distance = offset distance (in 

in.) 

Rise = rise (M ink) 

Spread = spread (in in.) 

The offset distance is multiplied by the 
appropriate constant for the fitting being 
used from the Rolling Offset Constants 


Using the Same Fittings table to deter- 
mine the travel length. See Figure 3-19. 


ROLLING ÖFFSET 
CONSTANTS USING THE 
SAME FITTINGS 


Travel 
Fitting |Length = Offset 


Fitting Distance x 


Te 2613 
i: 1414 


VY 60 (HSS 
V5 he 


TOSI 
"in degrees 
Figure 3-19. The travel length of a roll- 
ing offset is determined by multiplying 
the offset distance by the appropriate 
constant for the fitting being used. 


Figure 3-18 
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For example, determine the travel length 
for a 45° rolling offset with a 5” rise and 
a 12” spread. 


Travel Length = length of travel piece 
(in in.) 


Offset Distance = \(Rise? + Spread?) 

where 

Offset Distance = offset distance (in 
in.) 

Rise = rise (in in.) 

Spread = spread (in in.) 


Offset Distance = V(Rise? + Spread?) 


Offset = offset distance (in in.) 


Constant = 1.414 (from Rolling Off- 
set Constants Using the 
Same Fittings table) 


Travel Length = Offset x Constant 
Travel Length = 13 x 1.414 

Travel Length = 18.382” = 18%” 

A rolling offset using a 45° wye and 


a 60° elbow is common in plumbing 
installations. When a 45° wye and 60° 
elbow are used to pipe an offset, the rise 
and spread distances are equal and the 
travel length is twice the rise and spread 
distances. See Figure 3-20. If necessary, 
the 60° elbow can be turned so it is 
facing horizontally. 


Offset Distance = V(52 + 122) 
Offset Distance = V(25 + 144) 
Offset Distance = V169 

Offset Distance = 13” 

Travel Length = Offset x Constant 


where 


Figure 3-20. The rise 
and spread distances 
are equal and the travel 
length is twice the rise and 
spread distances when a 
45° wye and 60° elbow 


Rolling Offsets 


wm Figure 3-20 


60° ELBOW WITH 
OUTLET FACING 


VERTICALLY — are used to pipe an offset. 
*— 60° ELBOW WITH 
OUTLET FACING 
HORIZONTALLY 
ok 
AX 
A 


45° WYE ~ 


4 


ROLLING OFFSETS 


Determine the travel length in a rolling offset made 
with a 45° wye and a 60° elbow when the rise is 9/2”. 


Travel Length = Rise x 2 
where 


Travel Length = travel length (in in.) 


Rise = rise (in in.) 
2 = Constant 


Travel Length = 9⁄2 x2 
Travel Length = 19” 
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Grade or pitch calculations 
are typically used for drain- 
age piping calculations. 


A spirit level can also be 
used to estimate grade. A 
partial bubble over the 
line equals a fraction of 


| grade. 


Figure 3-21. A formula 
circle can be used to cal- 
culate grade, fall, and run. 


Calculating Grade or Pitch 
Drainage piping grade calculations 
are frequently used on a plumbing job. 
Grade, or pitch, is the slope of a horizon- 
tal run of pipe; expressed as a fractional 
inch per foot length of pipe such as 1⁄4” 
per foot. The fall, or drop, is the distance 
drainage pipe drops in its given length: 
expressed in inches. The run, or length, 
is the horizontal distance a pipe covers; 
expressed in feet. 

A formula circle is used to calculate 
any of the grade values by covering 
the unknown value and performing the 
remaining calculation. See Figure 3-21. 
Cover “fall” in the formula circle, and 
the remaining calculation is run x grade. 
Cover “run” in the formula circle and 
the remaining calculation is fall/grade, 
or fall + grade. Cover “grade” in the 
formula circle and the remaining calcu- 
lation is fall/run. or fall + run. 


Calculating Fall, Run, and Grade 


In some situations, architects and engi- 
neers specify that drainage piping be in- 
stalled at a given percent grade (% grade) 
rather than providing grade in inches per 
foot. A percent grade is the fall (in feet) 
per 100’ of pipe run. To determine the 
fall in a run of pipe when percent grade 
is given. the following formula 1s applied: 


F=Rx P grade 

where 

F = fallin) 

R =run (in ft) 

% grade = percent grade (in hundredths) 


For example, determine the fall on 75’ 
of drainage piping run at 2% grade. 

BEIR 7 erade 

P2702 

Fels =1-6 


HORIZONTAL PLANE 


FALL (F) 


~ RUN (R) -| 


CALCULATING FALL 


Fall 


= 
a 


Fall= Run x Grade 


Determine the fall on a 44’ pipe 
run with a %” per foot grade, 
Eo] RxRGe 
F = 44x 0.25 
(eal? 


= (ple; 


= 216 


~ Grade 


Determine the length of a 
horizontal pipe run that falls 27” 
at a 1%” per foot grade. 


= 27+0.125 


F = fall (in in.) 
R = run (in ft) 
G = grade (in in./ft) 


© 


Determine the grade of drainage 
piping if it falls 21” in 336’. 


ee = A 
21 + 336 
= 0.0625” = “Ve” per foot 


88 PLUMBING DESIGN AND INSTALLATION 


WORKING WITH WATER 


All matter is found in a solid, a liquid, or 
a gaseous state. A solid has strong bonds 
between molecules, making solids rigid 
and difficult to deform. A liquid has 
relatively weak molecular bonds, al- 
lowing liquids to be easily deformed or 
shaped. Liquids have a fixed volume, but 
their shape is determined by the shape 
of the container holding them. Gases 
have virtually no molecular bond and 
conform to the container holding them. 
The volume of a gas is determined by 
the size of the container holding it. Many 
substances are available in all three 
states, depending upon their temperature 
and pressure. The solid state of water is 
ice; the gaseous state of water is steam. 
At sea level. water freezes at 32°F and 
boils at 212°F. 

Water, like all matter, consumes a given 
amount of space and has weight. One 
cubic foot of water weighs approximately 
62% lb. Since | cu ft equals 1728 cu in. 
and 1 gal. (U.S.) equals 231 cu in., 1 cu ft 
of water is approximately 7 gal. (1728 + 
231 = 7%). Each gallon of water weighs 
approximately 84 lb (624% + 742 = 81⁄5). 

Water obtains its maximum density at 
39.1°F. Water expands when it is either 
heated or cooled from 39.1°F. When water 
freezes, it expands by approximately 83% 
of its original volume, but its weight does 
not change. A volume of 1595 cu in. of 
water expands to 1728 cu in. or | cu ft of 
ice and weighs approximately 57% Ib, or 
5 Ib less than | cu ft of water. The expan- 
sion of water volume, but not the weight. 
is the reason that ice floats on water. If 
a pipe that is full of water freezes, the 
expansion of the water when it turns to 
ice exerts a pressure of approximately 
2000 psi on the inside of the pipe, and 
this pressure can burst pipes. 

Water also expands, but becomes lighter 
in weight, when heated. Water expands 
4% as its temperature rises from 32°F 
to 212°F, or approximately | gal. increase 
in volume for each 23 gal. of original 
volume. As heat is applied to a container 
of water, the water becomes lighter until 


it turns to steam. One cubic foot of steam 
weighs 0.037 Ib and the water contained 
in the steam has expanded to nearly 1700 
times its original volume. 

When water is under pressure, as it is ina 
water heater, the boiling point of water rises 
above 212°F in proportion to the increase 
in pressure. See Figure 3-22. 


BOILING POINTS OF WATER 
UNDER PRESSURE 


Gauge Pressure” 


Temperaturet 


*in psi 
iN le 


Superheated water ts 
water under pressure that 
is heated above 212°F 
| without becoming steam. 


Figure 3-22. The boiling 
point of water increases 
proportionally with an in- 
crease in the pressure. 


The expansion of water freezing and turning to ice exerts a pressure of ap- 
proximately 2000 psi on the inside of a pipe, which can cause the pipe to 


crack and leak. 
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Figure 3-23. One cubic 
foot of water weighs ap- 
proximately 62% Ib, while a 
1 sq in. x 1’ column of wa- 
ter weighs approximately 
0.434 Ib. 


Superheated water is water under 
pressure that is heated above 212°F 
without becoming steam. When the 
pressure on a container of superheated 
water is suddenly released by a break 
in a pipe or a rupture of a water heater 
tank, the superheated water immedi- 
ately converts to steam and expands 
1700 times. The rapid expansion of 
water converting to steam can result in 
an explosion. 


Water Pressure 


Adequate water pressure must be avail- 
able in a potable water supply system to 
raise water in a building to the required 
height, with enough pressure remaining 
to properly operate plumbing fixtures. 
One cubic foot of water weighs ap- 
proximately 621 lb. See Figure 3-23. 
If the base of a | cu ft container measur- 
ing 12” x 12” x 12” is divided into 1” 
squares, 144 squares (12 x 12 = 144) 
each 1’ high are created. Each of the 
1” x 1’ squares full of water weighs 
0.434 pounds (624% + 144 = 0.434) and 
the base of each square has a pressure 
of 0.434 psi exerted on it. The pressure 
of 0.434 psi is constant regardless of the 
container shape. 


Weight of Water . 


-1 CU FT OF WATER 
WEIGHS 62% LB 


1 SQIN. x 1’ 
WATER COLUMN 
WEIGHS 0.434 LB 


— 0.434 PSI EXERTED 
ON BASE 
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A 1’ water column exerts 0.434 psi on 
its base. Head is the amount of water 
pressure in a column between points 
at different elevations; expressed in 
feet. For example, a container with 1’ 
of water has 1’ of head and a container 
with 2’ of water has 2’ of head. A pipe 
is a type of container. A pipe that 
extends 1’ vertically has 0.434 psi of 
pressure exerted on its base. The pipe 
diameter has no effect on the pressure; 
the pressure is only affected by the 
vertical length of the pipe. To deter- 
mine pressure when head is known, 
the following formula is applied: 

Pressure = Head x 0.434 

where 

Pressure = pressure (in psi) 

Head = head (in ft) 

0.434 = constant 

For example, determine the pressure 
generated by a head of 76’-6”. 

Pressure = Head x 0.434 


Pressure = 16.5 X 0.434 
Pressure = 33.201 psi 


Each 1’ of head exerting 0.434 psi on 
its base is equal to 2.3’ of head exerting 
| psi on its base (1 + 0.434 = 2.3). See 
Figure 3-24. Since a 1” water column 
exerts a pressure of 0.434 psi, a pres- 
sure of 0.434 psi will force water 1’ 
up a pipe and a pressure of | psi will 
force water 2.3’ up a pipe. For every 
l” increase in height, there is a loss in 
pressure of 0.434 psi or a loss of 1 psi 
for every 2.3” of height. To determine 
head when pressure is known, the fol- 
lowing formula is applied: 

Head = Pressure x 2.3 

where 

Head = head (in ft) 

Pressure = pressure (in psi) 

2.3 = constant 


For example, determine the head pro- 
duced with a pressure of 65 psi. 
Head = Pressure x 2.3 


Head = 65 x 2.3 
Head = 149.5’ 


PRESSURE AND HEAD 
EQUIVALENTS 


“in psi 

tin ft 

Figure 3-24. Each 1’ of head exerting 
0.434 psi on its base is equivalent to 2.3’ 


AREA 


Area calculations are used to determine 
room size and the size of building storm 
drains and rainwater leaders. Area is the 
surface measurement within two bound- 
aries; expressed in square units such as 
square feet. A square or rectangular sur- 
face has two dimensions, typically length 
and width, which are multiplied together 
to determine the area. 


Area of Squares or Rectangles 


The area of a square or rectangular sur- 
face, such as the roof of a commercial 
or industrial building, must be known 
to properly size rainwater leaders. 


of head exerting 1 psi on its base. See Figure 3-25. To find the area of a 


Figure 3-25 
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Figure 3-25. Rainwater leader size is based on the area of the roof. 
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E 


The diameter is the 
distance across the 
circumference of a 
circular surface pass- 
ing through the center 
point. The radius ts 


one-half the diameter. 


square or rectangular surface, the fol- 
lowing formula is applied: 

A=Ixw 

where 

A = area (in sq ft) 

/ = length (in ft) 

w = width (in ft) 


For example, determine the area of a 
roof measuring 50’ wide x 75’ long. 


A=1 x0 
A= 1550) 
A = 3750 sq ft 


oo] Area of Circles 


When calculating the area of a circular sur- 
face, the diameter must first be determined. 
The diameter is the distance across the 
circumference of a circular surface passing 
through the center point. In some situa- 
tions, the radius of the circular surface may 
be provided. The radius is the distance 
from the center point to the circumfer- 
ence of a circle: equal to one half of the 
diameter. The radius is multiplied by 2 
to obtain the diameter. The formula for 
calculating the area of a circular surface 
is the following: 
A=Y“nd- 


where 

A = area (in sq ft) 
i= 316 

d = diameter (in ft) 


For example, determine the area of the 
top of a circular tank with an 18’ diameter. 
A = nd? 


A =0.7854d? 

A =0.7854(18°) 
A =0.7854 x 324 
A = 254.4 sq ft 


VOLUME 


Volume calculations are commonly used 
in plumbing to determine tank capacities 
and weight of water contained in a section 
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of pipe. Volume is the three-dimensional 
capacity of an object such as a tank or 
pipe: expressed in cubic units such as cubic 
inches or cubic feet. 


Volume of Square and 
Rectangular Tanks 
Square and rectangular tanks have three 
dimensions: length, width, and height. The 
three dimensions are multiplied together 
to determine the volume. The formula 
for calculating the volume of a square or 
rectangular tank is the following: 

VXW XI 

where 

V = volume (in cu ft) 

/ = length (in ft) 

w = width (in ft) 

h = height (in ft) 

For example, determine the volume of 
a rectangular tank measuring 10’ long, 3’ 
wide, and 5’ high. 

Vai xw xh 


Va <5 <5 
V=150 cu ft 


Volume of Cylindrical Tanks 

A cylindrical object, such as a water 
heater or pipe, has two dimensions: 
diameter and height. or length. In some 
situations, the radius of a cylindrical object 
may be provided. See Figure 3-26. To find 
the volume of a cylindrical tank or pipe, the 
following formula is applied: 

Vee amd Xh 

where 

V = volume (in cu ft) 

m = oG 

d = diameter (in ft) 

h = height (in ft) 

For example, determine the volume of a 
water heater tank measuring 2’ in diameter 
and 5’ high. 

WEK h 

VTO) XS 

V=0.7854x4x5 

V= 15:7 cuit 


Volume of Water 
Heater Tank or Pipe 


RADIUS 


"P 


Figure 3-26 


A.O. Smith Corporation 
Figure 3-26. The volume of a water 
heater tank or pipe is determined using 
the diameter and height (or length). 


Cubic Feet to Gallons of 
Water Conversion 
The capacity of water heaters and water 
storage tanks is typically expressed in 
gallons. One cubic foot of water equals 
7 gal. To convert volume in cubic feet to 
gallons, the following formula is applied: 

Capacity = V x 7% 

where 

Capacity = capacity (in gal.) 

V = volume (in cu ft) 

7¥2 = conversion ratio 

For example, determine the capacity 
(in gallons) of a rectangular water storage 
tank with a volume of 75 cu ft: 

Capacity = V x 7% 

Capaci y= 3 x 7.5 

Capacity = 562.5 gal. 


Capacity of Pipes 
When draining a water pipe in a building, 
the capacity of the pipe should be known 
so that adequate-size containers are ob- 
tained. To find the capacity of pipe, the 
following formula is applied: 

Capacity = 0.0408(d°) x 1 

where 

Capacity = capacity (in gal.) 

0.0408 = constant 

d = diameter (in in.) 


/ = length (in ft) 


For example, determine the capacity (in 
gallons) of a 3” pipe that is 25’ long: 

Capacity = 0.0408(d*) x l 

Capacity = 0.0408(3°) x 25 

Capacity = 0.0408 x 9 x 25 

Capacity = 9.2 gal. 

Doubling the diameter of a pipe in- 
creases the volume four times for each 
unit of length. 


Weight of Water in Pipes 
Regardless of the pipe material, the weight 
of water in pipe should be known before 
installing pipe hangers and other supports. 
The weight of water is determined using 
a chart or by calculating the weight. See 
Figure 3-27. To find the weight of water 
in pipe, the following formula is applied: 

Weight = 0.34(d*) x l 

where 

Weight = weight of water (in Ib) 

0.34 = constant 

d = diameter (in in.) 

l= length (in ft) 

For example, determine the weight of the 
water contained in a 6” pipe that is 5’ long: 

Weight = 0.34(d?) x l 


Weight = 0.34(6°) x 5 
Weight = 0.34 x 36x 5 
Weight = 61.2 ib 
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The required size of the pipe is determined by the water demand. 


93? 


Figure 3-27. The weight 
of water in a pipe must be 
considered before install- 
ing pipe hangers or other 
supports. 


Diameter” 


~ PIPE CONTENTS FOR 1’ OF PIPE 


Weight of Waters 


0.5891 0.0026 0.0213 
3% 1.325 
Ve 2 356 
y 5.301 
1 cn 9.425 
14 14.726 
1% 21.205 
2 37.699 
2p 58.905 
3 84.823 3.0600 
4 150.797 5.4400 
5 235.620 8.5000 
6 339.293 1.469 12.2400 
8 603.187 2.611 21.7600 
10 = 942.480 34.0000 
B 1357.171 48.9600 
2120.580 76.5000 


REVIEW QUESTIONS 
1. 


List three tasks that a plumber regularly performs, and describe the math calcula- 
tions needed to complete the tasks. 


. Calculate the gross pay for a plumber who works 40 hr at an hourly wage rate 


of $27.82. 


. Determine the number of components a plumber can prefabricate in 1 hr if it 


takes 11⁄2 min to fabricate a single component. 


. Convert the following fractions to their decimal inch equivalent: 


A. %” Ba Cae DEA 


. Convert the following decimals to their fractional inch equivalent: 


Re Ul Magi. 0625" C0125" aes 


. Determine the E-E length of travel piece if the offset distance is 16” and the 


offset is made with 1”, 45° copper elbow fittings (E-C distance = 38” = 0.375). 


. Determine the travel length for a 45° rolling offset with a 6” rise and a 14” spread. 
. Determine the fall on 125’ of drainage piping with a %” per ft grade. 


. Define superheated water and identify the danger it presents in a plumbing system. 


10. 


Determine the pressure generated by a head of 105’. 
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he potable water supply, sanitary 

drainage and vent, and storm 

water drainage systems are con- 
structed using pipe, fittings, valves, and 
meters. Pipe is a cylindrical tube used for 
conveying potable water, wastewater, wa- 
terborne waste, and air from one location to 
another. A fitting is a device fastened to the 
ends of pipes to make connections between 
individual pipes. A valve is a fitting used to 
regulate fluid flow within a system. A meter 
is a device, such as a water meter, used to 
measure and indicate water flow. 

Plumbing pipe and fitting materials are 

classified into four groups: 
e plastic 


e copper 
e cast iron soil pipe 
e steel 


Local plumbing codes specify the type 
of piping material that may be used for 
each plumbing system. Local plumbing 
codes are based on local conditions such 
as soil types, ground conditions, local 
rainfall, and frost or freezing conditions. 
Consult the local plumbing code to en- 
sure that only code-approved material is 
being used for plumbing systems. 


Plumbing codes typically specify the 

plumbing pipe and fitting materials used 

for applications such as the water service 

or drainage, waste, and vent systems. All 

materials must be properly marked so the 

material type, grade, and weight can be 
| easily identified. 


“Size” is the general term commonly 
used when referring to pipe diameter, and 
should not be taken as the actual outside 
diameter of the pipe. For example, the 
actual outside diameters of 4” size copper 
tube and cast iron soil pipe are 44” and 
45”, respectively. 


PLASTIC PIPE 
AND FITTINGS 


Plastic is a synthetic material manufac- 
tured from petroleum-based products and 
chemicals such as oil, natural gas, and 
coal. During the manufacturing process, 
raw materials are converted into resins, 
which are classified into two general 
types—thermosetting and thermoplastic. 
A thermosetting resin is plastic resin that 
cannot be remelted after it is formed and 


Plastic pipe and fittings 
can be stored outdoors 
only if they are properly 
covered and not exposed 
to sunlight or extreme 


weather conditions. 


Uponor Wirs 
Some cross-linked polyethylene (PEX) tubing is expanded to accept a fitting 
and then returns to its original shape to secure the fitting in position. 


bo 


Figure 4-1. Plastic pipe 
and fittings are manufac- 
tured using the extrusion 
or the injection molding 
process. 


cured in its final shape. A thermoplastic 
resin is a plastic resin that can be heated 
and reformed repeatedly with little or no 
degradation in physical characteristics. 
Thermoplastics are commonly used for 
plumbing pipe and fittings. 

Plastic pipe is manufactured by the 
extrusion process in which plastic resins 
are heated, softened, and forced through 
a circular die, which forms the cylindri- 
cal pipe shape. See Figure 4-1. Plastic 
pipe fittings are manufactured by the in- 
jection molding process in which plastic 
resins are heated, softened, and forced 
into a cool cavity that is shaped like the 
desired fitting. 


Piastic Pipe Manufacturing Processes = 


Plastic pipe and fittings are lightweight, 
inexpensive, and easily joined. In addi- 
tion, plastic pipe and fittings have the 
following characteristics: 


e They are resistant to most household 
chemicals, acids, and other corrosive 
liquids. 


e They have smooth interior walls to 
ensure flow of contents and minimize 
sludge and slime buildup. 


e They have low thermal conductivity, 
which allows liquids being conveyed to 
maintain more uniform temperatures. 


+ They do not decay and resist bacteria 
growth that could cause offensive odors. 


Figure 4-1 
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« They have good flexibility, which al- 
lows long pipe runs with a minimum 
number of joints. 


* They do not conduct electricity and 
are not subject to galvanic or electro- 
lytic corrosion. 


Plastic pipe and fittings have low heat 
resistance and give off harmful vapors 
when burned. In addition, plastic pipe and 
fittings have a very high rate of expansion 
and contraction when heated and cooled. 
In some applications, an expansion loop 
must be made to compensate for the ex- 
pansion and contraction of plastic tubing. 
See Figure 4-2. 


An expansion loop is a loop in plastic 
tubing that provides an area for the tubing 
to expand and contract without stressing. 
Always refer to manufacturer recommen- 
dations regarding expansion loop specifica- 
tions. Plastic pipe and fittings are flexible 
and require hangers and supports spaced at 
closer intervals than metallic pipe. When 
compared to metallic pipe, plastic pipe and 
fittings have a low crush resistance. 

A variety of plastic piping materials are 
available. See Figure 4-3. Plastic piping 
materials used for plumbing or plumbing- 
related systems include: 


e acrylonitrile-butadiene-styrene (ABS) 


“Figure 4-2 
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PLASTIC PIPING MATERIALS 


Applications 


Drain, waste, 
and vent 


Hot and cold water 
distribution 


Piping Material 
e e a 


Outside sewers 
and mains 


Subsoil septic 
fields 


Fire sprinkler 
piping 


Water piping 
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Figure 4-2. An expansion 
loop in PEX plastic tubing 
compensates for expan- 
sion and contraction of the 
tubing due to temperature 
changes. 


Figure 4-3. A variety 
of plastic piping materi- 
als are used for plumb- 
ing or plumbing-related 
applications. 


—— 


Plastic pipe must be 
properly marked so the 
pipe can be readily iden- 
tified even if it is cut into 
short pieces. 


Plastic Pipe Markings 


e polyvinyl chloride (PVC) 

e chlorinated polyvinyl chloride (CPVC) 
e cross-linked polyethylene (PEX) 

e polyethylene (PE) 


In addition, polybutylene (PB) and poly- 
propylene (PP) are permitted for plumbing 
applications in some jurisdictions. Always 
consult the local plumbing code regard- 
ing materials that can be used in the local 
jurisdiction. 

Plastic pipe is available in a variety of 
colors for easy identification. The ap- 
plications generally represented by the 
various colors are the following: 

e gas distribution—yellow, or black 
with yellow stripes 


e water distribution— black. black with 
blue stripes, light blue, white, clear, or 
gray 


e sewer and mains — green, white, black. 
black with green stripes. or gray 


e drainage, waste, and vent piping— 
black, or white 


e hot and cold water distribution—tan. 
red, white. blue, silver, or clear 


* fire sprinklers—orange 


e industrial process piping—dark gray 
if PVC; light gray if CPVC 


e reclaimed or recycled water— purple, 
or black with purple stripes 


Plastic pipe is marked so that it can 
be readily identified even if it is cut into 
short pieces. Most standards require plas- 
tic pipe to include the manufacturer name 
or trademark: recognized standardization 
authority; pipe size; resin type; “DWV” 
for drainage, waste, and venting appli- 
cations: schedule number; and laboratory 
seal or mark attesting to appropriateness 
for potable water usage if the pipe is to 
be used for potable water applications. 
See Figure 4-4. 


Acrylonitrile-Butadiene- 
Styrene (ABS) Pipe and 
Fittings 

An acryvlonitrile-butadiene-stvrene (ABS) 
pipe and fitting, or Schedule 40 ABS 
DWV, is a black plastic pipe and fitting 
used for sanitary drainage and vent piping 
and for aboveground and underground 
storm water drainage. ABS pipe and 
fittings are easier and less expensive to 
install than metal pipe. and take less time 
to rough-in than metal DWV products. In 
addition, ABS pipe and fittings have an 
operational temperature range of —40°F 
to 180°F. 

Plastic piping made of such materials 
as ABS, PVC, or CPVC that may be ex- 
posed to the sun or other UV light must 
be covered or painted with latex paint. 
Plastic piping may be manufactured with 
carbon black to increase the resistance of 
the pipe to UV damage. 
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i | f @ 02846 IAMPC - -11[NSF-pw]HOT -N-COLD 5000562 B0 2 
; = 
PRESSURE \ 
RATING hor 
\L RECOGNIZED 
YPE -i STANDARDIZATION 
AUTHORITIES 
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Figure 4-4. Plastic pipe is marked with manufacturer name or trademark. recooniz zati | 
| 3 ed standardization authori 
pipe size, resin type, schedule number, and laboratory seal or mark. á ğ 
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A variety of ABS DWV fittings are avail- 
able for plumbing and plumbing-related 
applications. See Figure 4-5. ABS DWV 
pipe is made with a cellular core to reduce 
the amount of ABS resin needed to manu- 
facture the pipe, which reduces the cost 


of the pipe. Installing ABS DWV pipe is 
a one-step process; a priming step is not 
needed, and therefore the installation cost 
of the pipe is reduced. ABS DWV pipe and 
fittings are available in sizes ranging from 
11⁄4” to 6” and in 10’ and 20’ pipe lengths. 


Figure 4-5. ABS DWV fit- 
tings are used for sanitary 
drainage and vent piping. 


ABS DWV Fittings — 


= Figure 4-5 
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ABS pipe and fittings 
are joined using solvent 
cement. Always join ABS 
pipe and fittings in well- 
ventilated areas. 
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Reed Manufacturing Co 


A plastic pipe puller is used to align and join large-diameter PVC sewer pipe. 


PVC and ABS pipe 
should not be used for 
drainage applications 
where the temperature of 
| the waste is over 140°F. 


Polyvinyl! Chloride (PVC) 

Pipe and Fittings 

Polyvinyl chloride pipe and fittings are the 
most commonly used type in the plumb- 
ing industry. Polyvinyl chloride (PVC) is a 
plastic material used for sanitary drainage 
and vent piping, aboveground and un- 
derground storm water drainage, water 
mains, and water service lines. PVC DWV 
pipe and fittings are joined by solvent ce- 
menting. PVC DWV pipe and fittings are 
white colored, and fittings are similar in 
shape to ABS DWV fittings. PVC Schedule 
80 pipe and fittings, commonly used for 
industrial pressure applications, are dark 
gray in color. 

PVC pipe is manufactured by the extru- 
sion process in a variety of sizes ranging 
from 11⁄4” to 6”, and in 10’ and 20’ pipe 
lengths. PVC pipe up to 16” size is avail- 
able for use in underground drainage 
piping. PVC pipe and fittings have out- 
standing physical properties, including 
excellent corrosion and chemical resis- 
tance. PVC pipe and fittings must not be 
used to store and/or convey compressed 
air or other compressed gases. 

Even though ABS and PVC pipe and 
fittings have similar applications and are 
similar in appearance, ABS and PVC must 
not be interchanged in piping systems. 
Some plumbing codes permit ABS pipe 
and PVC pipe and fittings to be joined when 
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n p 
PVC pipe and fittings are combustible; 
however, they are difficult to ignite and 
will not continue to burn without an 


outside heat source. 


connecting a building drain to a building 
sewer if the proper transition couplings 
(mission couplings) and adapters are used. 

Since ABS and PVC pipe and fittings 
have similar applications, the material/ 
installation cost and local plumbing code 
restrictions must be considered when se- 
lecting the proper material for a job. While 
PVC pipe and fittings may be less expen- 
sive than ABS pipe and fittings, a two-step 
process is required to join PVC pipe and 
fittings, and only one step is required to 
join ABS pipe and fittings; therefore the 
overall cost of PVC pipe and fittings may 
be greater since the installed cost is higher. 

The maximum developed length of 
rigid plastic drainage, waste, and vent 
piping, including ABS and PVC DWV 
pipe, is 35’. When ABS or PVC DWV pipe 
is installed in a building, the pipe must be 
protected at penetrations of fire-rated walls, 
floors, and ceilings using a firestop, such 
as caulk, foam, or a restricting collar. See 
Figure 4-6. 


Firestops ae 
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Figure 4-6 meene 
Figure 4-6. A firestop, such as fire- 
resistant caulk, protects ABS DWV pipe 


at penetrations of fire-rated walls, floors, 
and ceilings. 


Chlorinated Polyvinyl Chloride 
(CPVC) Pipe and Fittings 
Chlorinated polyvinyl chloride pipe and 
fittings are commonly used for hot and 
cold water distribution systems. Chlo- 
rinated polyvinyl chloride (CPVC) is a 
cream-colored thermoplastic material 
specially formulated to withstand higher 
temperatures than other plastic materials; 
used in potable water distribution, cor- 
rosive industrial fluid handling, and fire 
suppression systems. See Figure 4-7. 
Chlorinated polyvinyl chloride (CPVC) 
plastic hot- and cold-water distribution 
systems, are typically rated for 180°F at 
100 psi of pressure. CPVC pipe is joined 
by solvent cementing. 

CPVC pipe is available in sizes 
ranging from 2” to 12%. CPVC pipe 
for plumbing systems is manufactured 
using the extrusion process in sizes 
ranging from 2” to 2” copper tube 
size (CTS). Industrial CPVC pipe is 


CPVC Fittings = 


manufactured using the extrusion pro- 
cess in sizes ranging from 4” to 12” 
in Schedule 40 and Schedule 80 wall 
thickness. CPVC pipe is available in 
10’ lengths. Plastic pipe is available 
as Schedule 40 or 80 pipe. Schedule 
40 plastic pipe is standard weight pipe, 
and the walls of Schedule 80 pipe are 
approximately one-third thicker than 
Schedule 40 pipe. 


Cross-Linked Polyethylene 
(PEX) Pipe and Fittings 
Cross-linked polyethylene (PEX) is a 
thermosetting plastic made from medium- 
or high-density cross-linkable polyethyl- 
ene that is used for water service piping 
and cold and hot water distribution 
piping. PEX tubing and fittings are 
available in sizes ranging from 1⁄4” to 
2”. See Figure 4-8. Tubing is available 
in straight lengths of 20’, and coils of 
100’, 300’, 400’, 500’, and 1000’, 


Figure 4-7 
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CPVC pipe and fittings 
can withstand higher 
temperatures than other 
plastics, making them 


suitable for potable wa- 
ter distribution systems. 


Figure 4-7. CPVC fittings 
are commonly used for 
hot and cold water distri- 
bution systems. 


10] 


Figure 4-8. PEX fittings 
are used for water service 
piping and cold and hot 
water distribution piping. 
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PEX offers many advantages over 
other plumbing materials. such us cop- 
PEX tubing must be prop- per, including the following: 
erly protected from direct e faster installation 
rays of sunlight and abra- 


chemical and corrosion resistance 
sion or penetration by 


nails or screws. ° 


e high-temperature and high-pressure 
resistance 


superior strength 


Various manufacturing processes are 
used for PEX including the Engel, silane. 
and radiation processes. In each of the 


manufacturing processes, molecular 


chains of PEX resin are linked to create 
a plastic material that is durable within a 
wide range of temperatures and pressures. 
The Engel process is performed prior to 
extrusion of the PEX tubing. while the si- 
lane and radiation processes are performed 
during or after the tubing is extruded. The 
Engel process, or peroxide process, is a 
PEX manufacturing process in which per- 
oxides (heat-activated chemicals) release 
molecules for cross-linking. The Engel 
process provides the most precise control 
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of cross-linking. resulting in a more uni- 
form product than produced with the other 
processes. The silane process is a PEN 
manufacturing process in which silane 
molecules are bonded to pelvethy lene 
molecules during the extrusion process, re- 
sulting in greater manufacturing etfictenes 
and producti ity. The radiation process is 
a PEN manufacturing process in whieh 
polyethylene is subjected to high-energy 
electrons to form the cross-linked bond. 
PEN tubing manufactured using the En- 
gel process has shape or thermal memory, 
in Which the tubing returns to its original 
shape after being deformed. When installing 


— 


PEN tubing must be kept out of direct 
sunlight which causes it to break down. A 
persen installing PEN n 
MUST De 


ibing and tring 
PATE OY TEn rE NNE OT 
the pipe and fitting manutacturer 

VI dnd NTIS Mast Pe tren! the sate 


MANU ACTED: 


fittings, the tubing is expanded using an 
expander tool and the fitting is inserted 
into the tubing. The tubing returns to its 
original shape, securing the fitting in posi- 
tion. Crimping rings are not required for 
PEX tubing manufactured with the Engel 
process, but may be used with certain types 
of fittings. PEX tubing manufactured using 
the silane or radiation processes does not 
have shape or thermal memory. Therefore, 
fittings must be secured into position using 
crimping rings. The ribbed end of the fitting 
is placed in the tubing, and a crimping tool 
is used to compress the crimping ring. 

PEX can be installed using conven- 
tional plumbing design in which water 
distribution pipes and fixture branches 
convey water to fixtures. As an alternative, 
PEX can be piped as a home run. A home 
run is a plumbing design in which cen- 
trally located manifolds distribute water 
to each fixture with dedicated hot and cold 
water lines. Even though additional PEX 
tubing is required to pipe a home run, 
labor is saved since connections are only 
required at the manifold and point-of-use 
valve. A home run reduces the pressure 
drop and temperature fluctuations in a 
plumbing system. 


Polyethylene (PE) Pipe 
and Fittings 
Polyethylene (PE) is a thermoplastic 
material made from the polymerization 
of ethylene. PE pipe is a lightweight 
pipe that is flexible and resistant to most 
chemicals. PE pipe can be used in water 
service, drainage, and sewer piping. It 
can be used in low temperatures and is 
commonly used in heat transfer applica- 
tions such as radiant floor heating and 
geothermal-source ground piping for a 
heat pump. PE pipe is available in 12” 
to 63” in diameter and is normally black 
or natural in color. PE pipe smaller than 
6” in diameter and up to 1000’ in length 
is shipped in coils. Larger pipes come in 
straight lengths of up to 50” in length. 
PE pipe can be cut with a pipe and tube 
cutter, or if necessary, a hacksaw. Care 
must be taken when using a saw to cut the 
end square and clean the end. The ends 


of PE pipe can be connected together 
with heat fusion, electrofusion, or the use 
of mechanical fittings. See Figure 4-9. 
The contractor must confirm that local 
plumbing code allows the installation of 
PE piping for the intended application. In 
underground installations, a metal tracer 
wire must be installed along with the PE 
pipe. The tracer wire permits locating the 
pipe after the pipe has been buried. 


= Figure 4-9 


McElroy Manufacturing, Inc. 


Figure 4-9. The ends of PE pipe are typically joined together using 
a heat fusion machine that melts the two ends of the pipe and brings 
the two surfaces together. The joint formed is as strong as or stronger 


than the pipe itself. 


PE Water Pipe. High-density PE (HDPE) 
black pipe is used to transport water. Nor- 
mally a color stripe is used to identify the 
specific intended application of the pipe. 
Black with blue stripe piping is used to 
distribute potable water, black with green 
stripe piping 1s used to convey sewage or 
storm water, and black with purple stripe 
piping is used to distribute reclaimed or 
recycled water. 


PE Gas Pipe. Polyethylene gas pipe 
is either medium-density polyethylene 
(MDPE) or high-density polyethylene 
(HDPE) that is either yellow in color or 
black with yellow striping. PE gas pipe 
is lightweight and easily installed in long 
coils. PE gas pipe can be used for natural 
or LP gas distribution. 
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COPPER TUBE 
AND FITTINGS 


Copper tube is manufac- 


tured in four wall thick- 
nesses or types—K, L, M, 
and DWV. 


Since the late 1940s, over 14 billion pounds 
of copper tube has been manufactured in the 
United States for plumbing and plumbing- 


DN 


t in Ib/ft 


related applications. Copper tube, or tubing, 
is used for water supply and distribution 
piping; fire suppression systems; natural 
gas systems; and heating, ventilating, and 
air conditioning (HV AC) applications. Pror 
to the development of plastic and no-hub soil 
pipe, copper was also used for sanitary waste 
and vent piping in residential construction. 

Copper tube is manufactured using 
either the extrusion or piercing process. 
In the extrusion process, a copper billet is 
heated and forced through a die and over 
a mandrel. The clearance between the 
mandrel and die determines the thickness 
of the tube wall. In the piercing process, 
one end of a heated cylindrical copper 
billet is fed between horizontal rotating 
rolls. The rolls force the heated billet 
onto a piercing plug, creating a void in 
the middle of the billet. The extruded or 


Outside Inside 
Diameter* Diameter* 
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pierced tubes are cold-drawn to smaller 
sizes by pulling the tube through a die. 
Copper tube is manufactured in four 
different wall thicknesses or types—K, 
L. M. and DWV. Type K copper tube has 
the thickest wall, followed by type L, type 
M. and type DWV with the thinnest wall. 
For any given diameter of copper tube, the 
outside diameter (OD) of all copper tube 
types is the same, which is 1%” larger than 
the nominal or standard size. The inside 
diameter of copper tube is determined by 
the wall thickness. For example, the out- 
side diameter of 1⁄2” type K and L copper 
tube is %” (0.625”). The inside diameters 
of 1⁄2” type K and L copper tube are 0.527” 
and 0.545”, respectively. See Figure 4-10. 


Because of the high cost of labor, the cop- 
per press fitting method was developed to 


reduce copper tubing installation time. 

In the copper press fitting method, use of 

soldering is eliminated, which reduces 
| preparation time. 


Weightt 


Type Type 
K M DWV 


Fipe 4-89 For any given diameter of copper tube, the outside diameter is the same and the inside di 
l ' iame 
is determined by the wall thickness. a 
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Copper tube is available as either drawn 
or annealed. Drawn copper tube, or hard 
copper tube, is copper tube that is pulled 
through a single die or series of dies to 
achieve a desired diameter. Drawn copper 
tube is available in nominal sizes up to 
8” and in 20’ straight lengths. Annealed 
copper tube, or soft copper tube, is drawn 
copper tube that is heated to a specific 
temperature and cooled at a predeter- 
mined rate to impart desired strength 
and hardness characteristics. Annealed 
copper tube is available in 20’ straight 
lengths and in coils ranging from 40° to 
100’ in length. See Figure 4-11. 

During manufacture, drawn and an- 
nealed copper tube are permanently 
stamped every 18” with the tube type, 
name or trademark of the*manufacturer, 
and the country of origin. In addition, 
drawn copper tube is identified with a 


colored stripe and lettering. The colors 
used to identify drawn copper tube are 
the following: 

* green—type K 


e blue—type L 
e red—type M 


e yellow—type DWV 


In addition to tvpes K, L, M, and DWV 
copper tube used for plumbing appli- 
cations, types ACR, G, and Medical 
Gas copper tube are also available. 
Type ACR copper tube is used for air 
conditioning and refrigeration applica- 
tions, type G copper tube is used for gas 
applications, and Medical Gas copper 
is used for nonflammable medical gus 
| applications, 


COPPER TUBE SIZES AND LENGTHS 


Drawn Tube 


Tube Type Color Code 


Lengthst 


Straight lengths 
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Coils 
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% to 1 
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Figure 4-11. Drawn and 
annealed copper tube is 
available in a wide range 
of diameters and lengths. 
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Lead-free solder must be 
used when joining cop- 
per tube used for potable 


| water supply piping. 


Copper solder joint 
pressure fittings have 
a deeper solder socket 
than DWV fittings since 
pressurized water flows 
through the tube and 


| fittings. 


Copper Tube Fittings 


Cast copper alloy, cast bronze, or wrought 
copper tube fittings are used to connect 
lengths of copper tube. Cast copper al- 
loy fittings are an alloy (combination) 
of various metals, including copper, tin, 
and zinc. and are cast in sand molds. 
Cast bronze fittings, which are an alloy 
of copper and tin, are manufactured in a 
manner similar to cast copper alloy fit- 
tings. Wrought copper fittings are made 
from commercially pure copper (99.9% 
pure), and are formed by a hammering 
process. Cast copper and bronze fittings 
have a rough surface texture and wrought 
copper fittings have a smooth and shiny 
finish. Installation and material costs for 
cast and wrought fittings are approxi- 
mately equal. However, some fittings 
are not available as both wrought and 
cast fittings. 

Copper tube fittings are joined to cop- 
per tube using soldering or brazed, press 
fit, rolled groove, flared, or compression 
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joints. Solder joint fittings are connected 
to copper tube by soldering or brazing. 
Press fit and rolled groove copper fittings 
are available in wrought copper and cast 
bronze. Flared joint copper fittings are 
mechanical joint fittings manufactured 
only in cast bronze. 


Solder Joint Fittings. Copper solder 
joint fittings are available in pressure 
or DWV patterns. Solder joint pressure 
fittings are used for aboveground water 
supply applications with types K, L, and 
M drawn copper tube. See Figure 4-12. 


pan aot iS 
sau 
— 


Copper tube fittings are joined to copper 

tube using soldered, brazed, press fit, rolled 

groove, flared, or compression joints. The 

fittings can be made as cast copper alloy 

(copper mixed with other metals), cast 

bronze (copper mixed with tin), or wrought 
| copper (99.9% pure copper). 


Figure 4-12 
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Figure 4-12. Copper solder joint pressure fittings are used for above 
K, L, and M drawn copper tube. 
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NIBCO. Inc. 


ground water supply applications with types 


Solder joint DWV fittings are used for 
drain, waste, and venting applications 
with type DWV copper tube. Pressure 
fittings have a deeper solder socket than 
DWV fittings since pressurized water 
flows through the tube and fittings. 
Change-in-direction DWV fittings, such 
as 90° elbows or tees, have a larger 
radius (sweep) than pressure fittings 
to prevent stoppage. See Figure 4-13. 
Solder joint fittings are available in 
W” to 12” sizes. Brazed joint fittings 
are the same as solder joint fittings, but 
the brazing process is slightly different 
from the soldering process. 


Copper Press Fittings. Copper press fit- 
tings are manufactured with an ethylene 
propylene diene monomer (EPDM) O- 
ring seal contained within a recess in the 


Copper Solder Joint DWV Fittings == 
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fitting socket. The fitting is joined to the 
tube using a pressing tool that mechani- 
cally presses the fitting onto the pipe. 
Copper press fittings are manufactured 
in ¥2” to 4” sizes for aboveground water 
supply and distribution piping. Although 
copper press fittings are more expensive 
than solder joint fittings, the installation 
time is much less, resulting in lower in- 
stallation cost. See Figure 4-14. 


An assortment of fittings are easily transported on a job site in a fitting tray. 


Figure 4-13. Copper sol- 
der joint DWV fittings are 
used for drain, waste, and 
venting applications with 
type L, M, or DWV cop- 
per tube. 
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Figure 4-14. Copper press fittings are used for aboveground potable water supply piping. 


Rolled Groove Joint Fittings. Copper are available in types L and M drawn 
rolled groove joint fittings are used copper tube. See Figure 4-15. Copper 
for aboveground potable water supply rolled groove joint water mains are 
applications. Sizes of rolled groove easier and faster to install than soldered 
joint fittings range from 2” to 6” and copper piping. 
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Copper Rolled Groove Joint Fittings 


45° ELBOW 


FLANGE ADAPTER 


Flared Joint Fittings. Flared joint fittings 
are used with types K, L, and M annealed 
copper tube, and are typically used for 
underground water service applications. 
Flared joint fittings cannot be used with 
drawn copper tube since drawn copper tube 
is subject to splitting when flared. Flared 
joints can be easily disassembled by loos- 
ening the tube nut. Flared joint fittings are 
available in 9” to 3” sizes. See Figure 4-16. 


Compression Joint Fittings. Compres- 
sion joint fittings are used on copper tube 
to make connections that may need to be 
disassembled. Compression joint fittings 
are used to install fixture supply tubes and 
fixture shutoff valves, and are sometimes 
installed in locations where it is difficult or 
unsafe to solder copper tube. Compression 
joint fittings are used with types K, L, and 
M annealed copper tube for aboveground 
applications. 


CAST IRON SOIL PIPE 
AND FITTINGS 


Cast iron soil pipe and fittings are manu- 
factured from gray cast iron, which is 


Victaulic Company of America 


strong and corrosion-resistant due to 
its metallurgical structure. Cast iron 
soil pipe is centrifugally cast to ensure 
uniform wall thickness, straight length, 
and a smooth inner wall. Molten gray 
iron is poured into a spinning pipe 
mold where centrifugal force propels 
the molten iron against the mold walls, 
causing it to solidify and form the pipe 
walls. As the gray iron solidifies, large 
graphite flakes form within the pipe 
walls to inhibit corrosion. When the pipe 
has cooled, it is coated with bituminous 
petroleum asphalt to prevent corrosion 
during storage and use, and to improve 
its appearance. 


_—— 


More than 329 water and gas utility 
companies in the United States have cast 
iron distribution mains with continuous 
service records of more than 100 years. 
Over 95% of all cast iron pipe installed 
for underground applications in the 


United States is still in use. 
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Figure 4-15. Copper 
rolled groove joint fittings 
are used for aboveground 
potable water supply ap- 
plications. 
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or 
Burrs or sharp edges on 
the ends of no-hub cast 
iron soil pipe must be 
removed before insertion 
into the neoprene sleeve 
of a no-hub coupling. 
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Figure 4-16. Copper flared joint fittings are used with types K, L. and M annealed copper tube. and are typically 
used for underground water service applications. 


— 
Cast iron soil pipe and 


fittings provide a quiet 
plumbing system since 
cast iron does not trans- 
mit the sound of water 
draining through the 


pipe. 


Cast iron soil pipe and fittings are 
leakproof, nonabsorbent, corrosion- 
resistant, and are easily cut and joined 
with the proper tools. Cast iron soil pipe 
and fittings provide a quiet plumbing 
system since cast iron does not transmit 
the sound of water draining through pipe. 
However, cast iron soil pipe is heavy, has 
a low tensile strength, and may crack and 
break if not handled properly. 


A 


e 


Reed Manufacturing Co. 


A hinged pipe cutter is used to cut steel, plastic, or copper pipe in place. 
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Cast iron soil pipe and fittings are avail- 
able in no-hub and bell-and-spigot pat- 
terns. No-hub and bell-and-spigot cast iron 
soil pipe and fittings are primarily used for 
aboveground and underground sanitary 
drainage, vent, and storm water drainage 
piping. No-hub cast iron soil pipe and fit- 
tings are primarily used for aboveground 
applications, and bell-and-spigot pipe and 
fittings are typically used for underground 
applications. 


No-Hub Cast Iron Soil 

Pipe and Fittings 

No-hub, or hubless, cast iron soil pipe and 
fittings provide a faster means of joining 
pipe and fittings than bell-and-spigot cast 
iron soil pipe. No-hub cast iron soil pipe 
and fittings are joined using a mechanical 
coupling consisting of a neoprene sleeve 
and a stainless steel band equipped with 
screw clamps. Ends of the pipe and fittings 
are inserted into the sleeve and stainless 
steel band and properly aligned. The 
screw clamps are tightened to secure the 
sleeve and band in position. No-hub cast 
iron soil pipe and fittings are available in 
sizes ranging from 1¥2” to 15”, and in 10’ 
lengths. See Figure 4-17. 


= Figure 4-17 
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Figure 4-17. No-hub cast iron soil pipe and fittings are primarily used for aboveground applications 
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Bell-and-Spigot Cast Iron Soil 
Pipe and Fittings 
Bell-and-spigot cast iron soil pipe and fit- 
tings have a bell, or hub, at one end of the 
pipe and fittings. The spigot, or plain end, 
of another piece of pipe is inserted into the 
bell to join them. The space between the 
bell and spigot is sealed with a preformed 
rubber compression gasket. Single-hub 
bell-and-spigot cast iron soil pipe is avail- 
able in 342’, 5’, and 10’ lengths. Double- 
hub pipe (pipe with 2 hubs on each end) 
is available in 30” lengths. Double-hub 
pipe minimizes waste that results when 
cutting shorter pieces from longer lengths 
of pipe. See Figure 4-18. 
Bell-and-spigot cast iron soil pipe and 
fittings are available in a wall thickness 
designated as service weight in sizes 
ranging from 2” to 15”. Service weight 
pipe and fittings are marked with the let- 
ters “SV.” At one time, extra-heavy bell- 
and-spigot cast iron soil pipe and fittings. 
marked with XH. were manufactured. 
However, due to developments in plumb- 
ing materiais. XH pipe and fittings are 
no longer available. XH pipe and fittings 
were larger and heavier than SV pipe 
and fittings and cannot be interchanged 
with them. 


— 


“Cast iron” is a common term used to 
describe many types of iron. The term 
“cast” identifies the method used to 
produce the finished product but does not 
describe the material itself. The casting 
process involves pouring molten iron 
into a mold. 

Iron is also identified by color or physi- 
cal properties. Cast tron soil pipe and 
fire hydrants are manufactured from gray 
iron. Gray iron is the most common type 
of cast iron. “Gray” refers to the color 
of the iron after it has cooled. Ductile 
iron is cast iron manufactured by adding 
magnesium to molten gray iron. 


STEEL PIPE AND FITTINGS 


Steel pipe and fittings are used for water 
distribution, sanitary waste and vent, 
storm water drainage, and gas piping 
systems. Steel pipe is relatively inexpen- 
sive, strong, and rugged, and is not easily 
damaged by rough handling. However, 
due to their weight and installation cost, 
steel pipe and fittings have been replaced 
by less expensive materials for many 
applications. Steel pipe is available in 
nominal pipe sizes ranging from 18” to 
12”, in several different wall thicknesses. 
Nominal pipe size, or iron pipe size (IPS), 
is the approximate inside diameter of 
steel pipe. 

Steel pipe is manufactured from mild 
carbon steel as welded or seamless pipe. 
Welded pipe, or butt-welded or continu- 
ous weld pipe, is steel pipe manufactured 
by drawing flat steel strips through a 
die to form a cylindrical shape and then 
electric butt-welding the seam to create a 
leakproof joint. Welded pipe is available 
in 21’ lengths. Seamless pipe is steel 
pipe made by piercing a solid cylindri- 
cal steel billet with a series of mandrels 
while passing the billet through rollers. 


Copper press fittings are mechanically pressed onto copper pipe with a press- Seamless pipe is typically available in 21’ 
ing tool that presses the fitting and pipe together on each side of the EDPM lengths, although random lengths ranging 
O-ring, and also presses the O-ring to the pipe to form a watertight seal. from 16’ to 48’ are available. 
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Bell-and-Spigot Cast iron Soil Pipe and Fittings: 


SINGLE-HUB BELL-AND-SPIGOT PIPE 
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Figure 4-18. Bell-and-spigot pipe and fittings are typically used for underground applications and for applications 
where long, straight pipe runs are required. 
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Steel pipe is coated after it is manufactured 
to protect it against corrosion. Black pipe 
is steel pipe that is coated with varnish to 
protect it against corrosion. Galvanized 
pipe is steel pipe that is cleaned and dipped 
into a hot (870°F) molten zinc bath to cre- 
ate a protective coating. Galvanized pipe 
is typically used for potable water piping, 
such as water distribution systems. 

The steel pipe is joined using threaded 
or grooved joints. Threaded and coupling 
pipe is used for threaded joints. Threaded 
and coupled (T&C) pipe is steel pipe used 
for threaded joints that has threads on both 
ends of the pipe and a coupling on one 
end. Grooved end pipe is used for grooved 
joints. Grooved end pipe is steel pipe used 
for grooved joints that has grooves on both 
ends. Plain-end pipe is also available. Plain- 
end pipe is steel pipe that is not threaded or 
grooved on the ends. Threads or grooves are 
cut or rolled into the pipe ends to join the 
pipe with fittings. Steel pipe is available as 
Schedule 40 or 80 pipe. Schedule 40 steel 
pipe is standard weight pipe. and the walls 
of Schedule 80 pipe are approximately 
one-third thicker than Schedule 40 pipe. 

Even though steel pipe cuts and threads 
easily, threaded joints are typically only 
used when specified since installation of 
the pipe, including threading and joining 
pipe, is relatively time-consuming and 
expensive. When steel pipe is specified, 
nipples are used to reduce the amount 
of cutting and threading required for 
threaded joints. A nipple is a short piece 
of pipe, typically less than 12” in length, 
with threads on each end. A close nipple 
is a nipple that is threaded its entire 
length. A shoulder nipple is a nipple that 
is threaded on the ends and has a short 
portion of unthreaded pipe in the middle. 
Nipples up to 6” in length are available in 
Y2” increments. Nipples 7” to 12” in length 
are available in 1” increments. 


Malleable tron 

Threaded Fittings 

Malleable iron threaded fittings join and 
change direction of black and galva- 
nized pipe. See Figure 4-19. Malleable 
iron threaded fittings are available with 
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a varnish or galvanized finish, and are 
commonly used for natural gas piping in 
Vy” to 2” sizes. Malleable iron threaded 
fittings are available as Class 150 or 300 
fittings. Class 150 fittings are standard 
weight fittings, while Class 300 fittings 
are extra-heavy fittings. 

Malleable iron threaded fittings are 
made from gray cast iron in a sand mold 
and are heat treated by controlling the 
cooling rate over a 72-hour period. Heat 
treating changes the grain structure of the 
iron, making it a tough, elastic material. 
Malleable iron threaded fittings should 
not be heated or welded since the grain 
structure of the fittings will change, 
resulting in a loss of the toughness and 
elasticity properties. 


IDENTIFYING PIPE 
FITTINGS 


Pipe fittings are available in many stan- 
dard configurations, including elbows, 
tees, wyes, and crosses. Specialty pipe 
fittings are also available, but typically 
are special ordered when needed for a 
job. Some pipe fittings, such as tees and 
wyes, are identified by the letter of the 
alphabet that they resemble, while other 
fittings, such as elbows and crosses, are 
identified by their general shape. 

Most pipe fittings have at least two 
openings. Elbows (ells) have two open- 
ings, tees and wyes have three openings, 
and crosses have four openings. The open- 
ings can be the same size or different sizes. 
A straight fitting is a pipe fitting in which 
all openings are the same dimension. A 
straight fitting is referred to by its nominal 
size and configuration, such as 1⁄2” 90° ell 
or %" tee. A reducing fitting is a pipe fit- 
ting in which the dimension of at least one 
Opening is smaller than other openings, 
such as a 1⁄2” x 1⁄4” 90° ell or 94” x 1⁄2” tee. 


Fittings are designated according to the 
type of material that the fitting is made 
from as well as the size of the fitting. 
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Figure 4-19. Malleable iron threaded fittings are available with either a black (varnish) or galvanized finish. 


When identifying reducing fittings, the 
sizes of the inlet and outlet of the run are 
listed first, followed by the size of other 
outlets. See Figure 4-20. For reducing 
elbows and couplings, the largest opening 
of the run is named first, for example, 3⁄4” x 
W” ell. For tees, wyes, sanitary tees, and 
combination wye and ¥ bends, the largest 
opening of the run is named first, followed 
by the smaller run, then the side outlet; for 
example, 94” x 1⁄2" x 4” tee. For crosses 
with the same diameter run openings and 
two side openings of the same size, the 
run size is named first followed by the side 
outlet size; for example, 3” x 2” cross. 


PLUMBING VALVES 


A valve is a fitting used to regulate fluid 
flow within a system. Valves are used to 
turn the fluid (water or other liquid or gas) 
flow on and off or to regulate the direction, 


pressure, and/or temperature of a fluid 
within the system. Several types of valves 
are used in plumbing and plumbing-related 
systems including the following: 

e gate valves 


e globe valves 

* compression stop valves 
e stop-and-waste valves 

¢ sillcocks 

e boiler drains 

e core cocks 

e ball valves 

e butterfly valves 

e check valves 

e backwater valves 

e pressure-reducing valves 


e relief valves 
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When identifving reduc- 

ing fittings, the sizes of 

the inlet and outlet of 

the run are listed first, 

followed by the sizes of 
L other outlets. 
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Figure 4-20. Reducing Identifying Pipe Fittings 
fittings are identified by 


Figure 4-20 
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listing the size of the inlet 
and outlet of the run first, 
followed by the size of 
other outlets. 
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Leaking valves and faucets account for a 
large volume of wasted water. A valve or 
faucet leaking 60 drops per minute will 
waste approximately 2300 gal. of water 
per year, Leaking valves and faucets 
should be repaired as soon as possible 


to conserve water and to avoid excessive 


water and sewer charges. 


Valve bodies are available as cast bronze 


or cast iron. In general. valve bodies tor 


2” and smaller valves are manufactured 


from cast bronze with bronze internal 
components. Valve bodies for 212” and 
larger valves are typically manutactured 
from cast iron and have bronze internal 
components. 


Valves turn fluid flow on and off. or 


regulate the direction, pressure. and/or 


temperature of a fluid. A full-wayv valve, 
or shutoff valve, is a valve designed to be 
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used in its fully open or fully closed posi- 
tion. The disk and seat of full-way valves. 
such as gate valves. may be damaged tf 
the valve is used to throttle fluid flow. In 
general, tull-way valves installed on water 
supply piping are the same size as the pipe 
on Which they are installed. Full-way valves 
are installed on the water supply tor multi- 
family dwellings so repairs ean be made in 
one apartment without interrupting Water 
service to other apartments, and in commer- 
ctal buildings so the water supply ean be shut 
off for individual rooms or fixtures without 
interrupting Water service to other rooms or 
sections of the buildings. Full-way valves 
should be placed in locations that ean be 
easily accessed When repairs are required. 

A control valve, or throttling valve, tsa 
Valve designed to control fluid flow rate 
by partially opening or closing. Throttling 
Valves, such as compression stops or globe 
valves, are installed on fixture supply 
pipes for individual tixtures. 

Rated valves may be specitied for certain 
applications. A rated valve is a valve that 


meets or exceeds engineering criteria for 
the normal pressure range of the fluids 
contained within the system it is con- 
trolling. The pressure rating for a rated 
valve is marked in raised letters on the 
side of the valve body. Most rated valves 
are marked 125# SWP or 200# WOG. 
indicating the valve is rated for use at a 
maximum of 125 lb steam working pres- 
sure (SWP) or 200 Ib water. oil, or gas 
(WOG) pressure. 


Gate Valves 

A gate valve is a full-way valve used to 
regulate fluid flow in which a threaded 
stem raises and lowers a wedge-shaped 
disk. which fits against a smooth machined 
surface. or valve seat. within the valve 
body. Gate valves are typically installed 
in piping systems where they remain com- 


pletely open or completely closed most of 


the time. such as gate valves on each side 
of a water meter. When the wedge-shaped 
disk is retracted from the seat. a gate valve 
permits a straight and unrestricted fluid 
flow through the valve. 

Gate valves have a split- or solid-wedge 
disk. A split-wedge disk gate valve is a gate 
valve in which a two-piece bronze wedge 
fits against the seat to restrict fluid flow. The 
parallel halves of a split-wedge disk valve 
are forced outward onto the valve seat by 
the closing pressure of the valve. providing 
a good seal even if scale is trapped on one 
of the valve seats. Split-wedge disk gate 
valves should be installed with the valve 
stem in the vertical position. A solid-wedge 
disk gate valve is a gate valve in which a 
one-piece solid bronze wedge fits against 
a valve seat to restrict fluid flow. A solid- 
wedge disk gate valve can be installed with 
the valve stem in any position. 

Three stem and screw configurations 
are available for gate valves— rising stem- 
outside stem and yoke. rising stem-inside 
screw. and nonrising stem-inside screw. 
See Figure 4-21. A rising stem-outside 
stem and voke (OS&Y) gate valve is a 
gate valve in which the threaded stem 
of the valve rises as the valve is opened. 
When the handwheel is turned. the stem 
rises as the yoke bushing engages the stem 


threads, and provides a visual indication 
of whether the valve is open. A rising 
stem-inside screw gate valve is a gate 
valve in which the unthreaded stem and 
handwheel rise as the valve is opened to 
indicate the position of the wedge disk. 
Adequate clearance must be provided 
above the valve. however, since the stem 
and handwheel rise during operation. A 
nonrising stem-inside screw gate valve 
is a gate valve in which neither the hand- 
wheel nor the stem rises when the valve 
is opened. 

Nonrising stem-inside screw gate valves 
are used where there is inadequate clear- 
ance for the operation of a rising stem 
valve. However. since the stem and hand- 
wheel do not rise during operation, there 
is no way to visually check the open or 
closed position of a nonrising stem valve. 


Globe Valves 


A globe valve is a valve used to control 
fluid flow by means of a pliable, circular 
disk that is compressed against a valve 
seat surrounding the opening through 
which water flows. See Figure 4-22. 
Due to the internal water passage con- 
figuration. fluid flowing through the valve 
changes direction several times. resulting 
in turbulence. resistance to the fluid flow, 
and a pressure drop in the system. Globe 
valves are recommended on installations 
requiring frequent operation, throttling, 
and/or a positive shutoff when closed. 
including plumbing fixture supply pipes. 
Globe valves must be installed with the 
flow direction arrow pointing in the 
downstream direction. 


ee 


An angle supply valve used to control 
the water supply to individual plumbing 
fixtures is a type of globe valve. Common 
plumbing fixtures that use angle supply 
valves include water closets, lavatories, 
and kitchen sinks. Angle supply valves 
found in residential applications typi- 
cally have a chrome finish since they are 
visible in the residence. 


A full-way valve is de- 
signed to be used in its fully 


| open or Closed position. 
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Figure 4-21. Gate valves are available in rising stem—outside stem and yoke (OS&Y), rising stem—inside screw, 
and nonrising stem—inside screw types. 
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Figure 4-22. Fluid flowing through a globe valve changes direction several times, resulting in turbulence, resis- 


tance to fluid flow, and a pressure drop. 


The circular disks, or washers, within the 
valve body are replaceable composition 
disks made for use with different fluids, 
including hot water, cold water, and chemi- 
cals. Globe valves have rising stems, and 
can only be installed in applications where 
adequate clearance is provided. 

Globe valves are rated or nonrated, de- 
pending on the application. A rated globe 
valve is a globe valve that has a full-size 
valve seat opening. For example, a 1” 
rated globe valve has a 1” diameter seat 
opening. A nonrated globe valve, or com- 
pression stop, is a globe valve in which the 
valve seat diameter is less than the stated 
size of the valve. A stop-and-waste valve 
is anonrated globe valve with a side port 
in the valve body, which is used to drain 
fluid from the outlet side of the valve. See 
Figure 4-23. Stop-and-waste valves are 
used to control water flow to fixtures, such 
as sillcocks, that are subject to freezing. 
Water is drained from the valve body and 
downstream piping to prevent freezing. 


Angle Valves. An angle valve is a globe 
valve in which the inlet and outlet are at 
90° to each other. See Figure 4-24. Angle 
valves are commonly used in place of a 
globe valve and 90° elbow since angle 
valves provide less resistance to water flow 
and reduce the number of joints required. 
thus reducing installation time. 


Sillcocks and Boiler Drains. Sillcocks and 
boiler drains are angle compression stops. 
A sillcock, or hose bibb, is a valve with 
integral external threads installed on the 
exterior of a building for the attachment 
of a garden hose. Frost-free and standard 
sillcocks are available. See Figure 4-25, 


nt 
= Most globe valves are marked with a di- 
rection arrow to indicate flow. Typically, 
a raised arrow is molded into the casting 
ofthe valve to indicate direction. Globe 
valves must be installed with this arrow 


pointing in the downstream direction. 
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Figure 4-23. Water is 
drained from the side port 
of a stop-and-waste valve. 
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Figure 4-24. The inlet 
and outlet of an angle 
valve are at 90° to each 
other. 
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Globe valves allow water to flow by rais- 
ing or lowering the disk contained within 
the valve body. The valve is opened or 
closed by turning the handwheel to change 
the disk position. Turning the handwheel 
counterclockwise moves the disk away 
from the valve seat to open the valve. 
Fluid flow through an open globe valve 
changes direction when passing under 
the raised disk. Turning the handwheel 
clockwise moves the disk toward the 
valve seat to close the valve. Sediment or 
debris accumulating on the valve seat or 
disk face may prevent a globe valve from 
| completely Closing. 
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Frost-free sillcocks are installed in 
areas subject to cold weather conditions. 
The valve of a frost-free sillcock, located 
within a sillcock valve housing, is inside 
the building to prevent the sillcock from 
freezing during cold weather. A frost-free 
sillcock must be installed with a slight 
pitch toward the exterior of the building 
to allow the valve to drain properly. Stan- 
dard sillcocks do not provide the freeze 
resistance of frost-free sillcocks, but are 
installed in the same manner as a frost- 
free sillcock. A full-way valve should be 
installed inside the building to shut off 
the sillcock water supply if repairs need 
to be made. 

Valves with hose threads, including 
sillcocks, must be installed with a vac- 
uum breaker to prevent back siphonage. 
See Figure 4-26. A vacuum breaker is 
a backflow prevention device that con- 
sists of a spring-loaded check valve that 
seals against an atmospheric outlet when 
water is turned on. Vacuum breakers are 
an integral part of a sillcock or may be 
attached to existing sillcocks. 


Watts Regulator Company 


A boiler drain is a valve with hose 
threads that is installed on a tank, such as 
a water heater, to drain and/or flush the 
tank. Sillcocks and boiler drains are simi- 
lar, except that a sillcock has a mounting 
flange while a boiler drain threads directly 
into the tank. See Figure 4-27. 
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Figure 4-25. Frost-free 
and standard sillcocks 
provide a connection for 
a garden hose. 


A full-way valve should 
be installed on the water 


supply pipe inside the 
building to shut off the 
sillcock water supply if 


repairs need to be made. 


Figure 4-26. Vacuum 
breakers must be installed 
on valves with external 
hose threads. 
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Figure 4-27. Boiler drains 
are installed on tanks 
to drain and/or flush the 
tanks. 


A ball valve requires only 
a 90° rotation (4 turn) 
of the handle to open or 
close the valve. 
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Figure 4-27 | 


Watts Regulator Company 


Core Cocks 

A core cock, or plug valve, is a valve 
through which water or gas flow is con- 
trolled by a circular core or plug that fits 
closely in a machined seat. As the core is 
turned, water flows through a port in the 
core. Core cocks, like gate valves, are full- 
way valves. However, opening or closing 
a core cock requires only a 90° turn of the 
valve handle or key. 

Corporation, curb, and gas cocks are 
common core cocks. See Figure 4-28. A 
corporation cock is a valve placed on the 
water main to which the water service of 
a building is connected. A curb cock is a 
valve installed on a water service to turn on 
or off the potable water flow to a building. 
A gas cock is a valve for controlling gas 
flow to a gas appliance. 


Ball Valves 


A ball valve is a valve in which fluid flow 
is controlled by a ball that fits tightly 
against a resilient (pliable) seat in the valve 
body. As the ball is turned, water flows 
through a port in the ball. See Figure 4-29. 
A ball valve requires only a 90° rotation 
of the handle to open or close the valve. 
Ball valves are full-way valves that can be 
used for throttling fluid flow, and are com- 
monly installed on water supply piping 
(instead of gate valves or globe valves), 
and on low-pressure gas piping instead of 
a lever-handle gas cock. 
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Figure 4-28 
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Figure 4-28. A core cock requires a 90° 
turn of the valve handle or key to com- 
pletely open or close the valve. 


Butterfly Valves 


A butterfly valve is a valve used to control 
fluid flow; it consists of a rotating disk 
that seats against a resilient material with- 
in the valve body. The disk is attached toa 
shaft that controls the rotation of the disk. 
See Figure 4-30. A butterfly valve is fully 
opened or closed by a 90° rotation of the 
handle, and is a full-way valve that can 
be used for throttling fluid flow. The main 
advantage of a butterfly valve is its thin 
body, allowing the valve to be installed 
where other valves cannot fit. 
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Figure 4-30. A butterfly valve controls 
fluid flow by a rotating disk that seats 
against a resilient material within the 
valve body. 


Check Valves 

A check valve is a valve that permits fluid 
flow in only one direction and closes au- 
tomatically to prevent backflow (flow in 


a reverse direction). Check valves react 
automatically to changes in the pressure 
of the fluid flowing through the valve, 
and close when pressure changes occur. 
Check valves are available as swing 
check and lift check valves. A swing 
check valve is a check valve in which 
backflow is prevented through the use 
of a hinged disk within the valve body. 
See Figure 4-31. In its normal operating 
condition, fluid flows straight through the 
valve and holds open the hinged disk. 
When backflow occurs, the hinged disk 
swings down into position. Swing check 
valves provide little resistance to fluid 
flow, and are commonly used with gate 
valves in installations where fluids are 
moving at a low velocity and in which there 
is seldom a change in fluid flow direction. 
A lift check valve is a check valve in 
which backflow is prevented through 
the use of a disk that moves vertically 
within the valve body. See Figure 4-32. 
In its normal operating condition, fluid 
pressure forces the disk from its seat, 
allowing Huid to flow. When backflow 
occurs, the disk drops onto its seat, pre- 
venting backflow from occurring. Lift 
check valves have a high resistance to 
fluid flow due to the fluid passageway 
within the valve body. Lift check valves 
are commonly used with globe and angle 
valves in installations where frequent 
changes in flow direction occur. 
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Figure 4-29. A ball valve 
controls fluid flow by a ball 
that fits tightly against a 
resilient seat in the valve 
body. 
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Figure 4-31. A swing 
check valve prevents 
backflow through the use 
of a hinged disk within the 
valve body. 


Figure 4-32. A lift check 
valve prevents backflow 
by using a disk that moves 
vertically within the valve 
body. 


A temperature and pres- 
sure (T&P) relief valve 
must be installed in a 
water heater to protect 


against excessive tem- 
perature and/or pressure. 
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Figure 4-31 
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Backwater Valves 


A backwater valve is a plumbing com- 
ponent used to prevent the backflow of 
sewage into a building. A backwater valve 
can be an integral part of a waste drainage 
system and may be required by local build- 
ing codes. The types of backwater valves 
include flapper-type backwater, combina- 
tion backwater, and automatic knife valves. 


Flapper-Type Backwater Valves. A 


flapper-type backwater valve is a backwa- 


ter valve that acts as a check valve and has 
a hinged flap or disc that swings open to 
permit drain flow in the desired direction. 
See Figure 4-33. In a backwater condi- 
tion, the pressure of the backflow causes 
the flap to close. blocking the move- 
ment of backwater up the drain piping. 
The flapper-type backwater valve is less 
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expensive than a combination backwater 
or automatic knife valve. However, it is 
prone to being blocked open by debris. 
Also, a flapper-type backwater valve does 
not have any type of visual or auditory 
alarm to indicate a backwater condition. 


Combination Backwater Valves. A 
combination backwater valve is a back- 
water valve that contains a flapper-type 
backwater valve and a gate valve. See 
Figure 4-34. A combination backwater 
valve offers protection against a backwater 
condition both manually and automati- 
cally. When backwater flow ts anticipated. 
the gate valve can be manually lowered 
using a removable handle to protect the 
drain system from backflow. As with 
other backwater valves, debris can block 
the gate or flap valves from fully closing. 


Figure 4-33 
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Figure 4-33. A flapper-type backwater valve acts as a check valve to permit drain flow in one direction only. 
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Figure 4-34. A combination backwater 
valve offers both manual and automatic 
protection against a backwater condition. 


Automatic Knife Valves. An auto- 
matic knife valve is a backwater valve 
that contains a steel knife gate that 
automatically blocks a waste drainage 
system as backwater pressure increases. 
See Figure 4-35. As backflow occurs, 
trapped air is forced into the expan- 
sion chamber where the increased 
pressure raises the knife gate. When 
the backflow condition decreases, the 
pressure inside the expansion chamber 
decreases. When the pressure inside the 
expansion chamber returns to normal, a 
counterweight on top of the knife gate 
forces the gate down. When the knife 
gate is down, an opening is aligned with 
the pipe and the waste drainage system 
operates normally. 

An automatic knife valve does not 
require any power and is less prone 
to being blocked by debris than other 
backwater valves. However. an auto- 
matic knife valve is generally more 
expensive than other backwater valves 
and requires routine inspection and 
maintenance. An automatic knife valve 
may be equipped with a notification 
alarm to alert the building owner of a 
backwater condition. 
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Figure 4-35 
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Figure 4-35. As backwater pressure increases, a knife valve automatically blocks the waste drainage system 


and keeps backwater from moving up into the building. 


Pressure-Reducing Valves 

A pressure-reducing valve, or pressure- 
regulating valve, is an automatic device 
used to convert high and/or fluctuating 
inlet water pressure to a lower or constant 
outlet pressure. Pressure-reducing valves 
are installed near the water meter on a 
building water service to reduce excessive 
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water main pressure. Pressure-reducing 
valves have an adjustment screw to adjust 
the outlet pressure. A strainer must be 
installed with a pressure-reducing valve 
to prevent dirt and debris from entering 
the valve mechanism; many pressure- 
reducing valves contain an integral 
strainer. See Figure 4-36. 
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Figure 4-36 


Watts Regulator Company 
Figure 4-36. A pressure-reducing valve 
converts high and/or fluctuating inlet 
water pressure to a lower and constant 
outlet pressure. 


Relief Valves 

A relief valve is a satety device that is 
activated to open when pressure and/or 
temperature in a closed plumbing system 
exceeds safe operating limits. When the 
pressure and/or temperature returns to 
safe operating levels, the relief valve re- 
turns to the closed position. Relief valves 
protect water heaters, hot water storage 
tanks, and boiler tanks from overheating 
and possible explosion. 

Relief valves are used to relieve tem- 
perature and pressure, or for pressure 
relief only. See Figure 4-37. A tempera- 
ture and pressure (T&P) relief valve is 
a safety device used to protect against 
excessive temperature and/or pressure in 
a water heater. A pressure relief valve isa 
safety device used to automatically lower 
excessive pressure in a closed plumb- 
ing system. Pressure relief valves are 
installed on some types of commercial 
and industrial water heating equipment. 


WATER METERS 


Water meters measure and indicate 
water usage for a building so that the 
building owner can be charged for the 
amount of water used. A water meter is 
a device used to measure. in cubic feet 
or gallons, the amount of water flowing 


through the water service. A water meter 
is installed at the end of the water service 
pipe —either directly inside or outside of 
the building walls, in accordance with 
local plumbing codes. A full-way valve, 
such as a gate or ball valve, is installed 
on each side of the water meter. Three 
types of water meters are disc, turbine, 
and compound meters. 


Relief Valves . Figure 4-37 
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Figure 4-37. Relief valves relieve temperature and pressure, or pres- 
sure only. T&P relief valves are typically installed on residential water 
heaters and pressure relief valves are installed on boiler tanks. 


Disc Water Meters 


A disc water meter, or displacement me- 
ter. is a water meter used to measure Water 
flow through small water services. Disc 
water meters, which are accurate devices 
for measuring small volumes of water, are 
available in %” to 2” sizes. 

During operation of a disc water meter, 
water enters the meter and flows into the 
measuring chamber in which the nutating 
disc is fitted. As the water passes through 
the chamber, the disc rotates in a wob- 
bling (nutating) motion and physically 
displaces all the water from the chamber. 
Disc rotations are transmitted through 
the gear train to the recording dial of the 
sealed register. See Figure 4-38. 
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Figure 4-38. A disc water 
meter is used to measure 
water flow through small 
water services. 


Figure 4-39. A turbine 
water meter is used to 
measure large and con- 
stant volumes of water in 
buildings. 
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Figure 4-38 
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Turbine Water Meters 


A turbine water meter is a water meter 
used to measure large and constant vol- 
umes of water in buildings such as hotels, 
multifamily dwellings, and manufacturing 
and processing plants. During the opera- 
tion of a turbine water meter, water strikes 
the blades of the rotor (turbine), causing it 
to turn. The rotating motion is transferred 
by means of a magnetic coupling to a ver- 
tical spindle and then to the gears in the 
register. See Figure 4-39. Turbine water 
meters are available in 112” to 20” sizes. 


Compound Water Meters 


A compound water meter is a water 


meter that combines a disc and turbine 
meter. It is used in buildings where 


(amaaa 


Turbine Water Meter = - 
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there is a large fluctuation of water flow 
such as an office building that has high 
water usage during business hours and 
low water usage during the evenings and 
weekends. Compound water meters are 
available in 2” to 10” sizes. 

When water enters a compound water 
meter during a period of little water usage. 
the disc portion of the meter measures the 
water volume since the heavy-duty valve 
prevents the water from entering the tur- 
bine portion of the meter. During periods 
of large water usage. the water forces the 
heavy-duty valve open, which in turn 
closes water flow to the disc portion of the 
meter and forces the water into the turbine 
portion of the meter where the volume is 
measured. See Figure 4-40. 
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Figure 4-40 
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Outdoor Meter Reading 


Water meters are available with outdoor 
registers and electronic radio transmit- 
ters to eliminate entering the building to 
read the meter. See Figure 4-41. Outdoor 
registers receive an electronic signal 
transmitted from the meter to the register 
via a two-conductor wire. A meter reader 
must visually read each register and re- 
cord the reading for billing. 

Electronic radio transmitters read the 
amount of water passing through the meter 
and store this data. The meter reader drives 
down the street in a vehicle containing 
a radio that signals the electronic radio 
transmitter to send the meter reading to 
a data-recording computer in the vehicle. 
This system eliminates the need for a meter 
reader to walk up to each building. 


Outdoor Registers 


Outdoor registers allow a water meter to be 
read without personnel entering the build- 
ing, and are available for disc, turbine, and 
compound water meters. An electrical or 
electronic signal is transmitted from a water 
meter to the register to indicate the proper 
meter reading. A self-contained generator, 
mounted on a water meter. is connected to 
the outdoor register using a two-conductor 
wire. The disc spindle of the meter rotates 


as water flows through the meter. The rotat- 
ing motion is transferred to a spring-biased, 
six-pole magnet in the generator using a 
reduction gear train and an escape gear. 
When the escape gear is released, the 
biasing springs return the magnet to its 
original position. This action produces a 
low-voltage pulse (approximately 8V) in 
coils located near the magnet. The pulse is 
transmitted over the wire to a solenoid in 
the outdoor register. The outdoor register 
advances one digit for every pulse received. 
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Figure 4-40. Compound 
water meters are used in 
buildings in which there 
is a large fluctuation of 
water flow. 


Figure 4-41. Outdoor 
registers and electronic 
impulse transmitters al- 
low water meters to be 
read without entering the 
building. 
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PUNO Lae T 
REVIEW QUESTIONS 


1. List an application for the following pipe and fittings: 
. ABS and PVC pipe and fittings 

. CPVC pipe and fittings 

. PEX tubing and insert fittings 


> 


. DWV copper pipe and fittings 

. Types L and M copper pipe and solder joint pressure fittings 
Types K and L annealed copper pipe and flare fittings 

. Types L and M drawn copper with grooved joint fittings 


. bell-and-spigot cast iron soil pipe 


ee G) ena Graco @ r 


no-hub cast iron soil pipe 
J. steel pipe with malleable iron fittings 

2. List an application for the following valves: 
, gate valves 
. butterfly valves 
. globe valves 
. check valves 
. angle valves 

backwater valves 
. core cocks 


. pressure-reducing valves 


peace) 27) enn (Coc coe, 


ball valve 


— 


relief valve 
K. stop-and-waste valve 

3. List the three types of water meters. Which type would be used in a one-family 
home? In a large office building? 


4. What is an advantage of an outdoor water meter register? 
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Bluming Tools and Equipment 


lumbers use a variety of hand and 

power tools and equipment to in- 

stall the plumbing systems in a 
building. These tools must be operated 
properly to ensure the safety of plumb- 
ers and other workers on, the job site 
and to prevent damage to the tools and 
equipment. Some basic tools are used 
regardless of the type of piping material 
being installed; other tools are specific 
to the type of piping material. 


BASIC PLUMBING TOOLS 


The location of fixtures, water supply 
pipe, and waste and vent pipe must be 
accurately laid out prior to pipe being 
installed. On large plumbing projects, 
the locations of piping, fixtures, and 
appliances are specified on the prints 
or in the specifications. For smaller 
projects, the locations of fixtures and 
appliances are specified, but the loca- 
tion and installation of piping must be 
coordinated with other trades working 
on the project. 

A variety of tools are used for layout 
and measuring tasks, including the fol- 
lowing: 

e hand tools 


e tools for assembly 


e soil removal tools 


Rules and Tapes 

Rules and tapes are used to measure 
distances on a plumbing job. See Fig- 
ure 5-1. A folding rule is a measuring 
tool made of short, graduated sections 
fastened together to allow them to pivot 


and fold for convenient carrying or stor- 
age. A 6’ folding rule is commonly used 
by plumbers to measure short horizon- 
tal and vertical distances. A steel tape, 
or tape measure, is a measuring tape 
consisting of a long, continuous steel 
strip that is graduated in standard incre- 
ments. The steel strip is coiled inside 
a case and rewound manually or by a 
spring inside the case. 

Steel tapes are available in 25’, 50’, 
and 100’ lengths. A 50’ or 100’ steel 
tape is used to measure long distances 
to save time and eliminate errors that 
can result from using shorter rules or 
steel tapes. Steel tapes are available in 
several widths including 3⁄4” and 1”. 
One-inch-wide steel tapes are preferred 
as they are more rigid than narrower 
steel tapes, allowing them to remain 
straight without being supported while 
measuring long distances. 

Rules and tapes must be kept clean 
and dry for proper operation. Dirt and 
debris should be wiped from the blade 
of the rule or tape with a dry or lightly 
oiled cloth prior to folding or retracting 
it. Protect the tape against kinking when 
winding and unwinding it. 


Rules and tapes are typically graduated in 
Ve” increments, and foot and inch marks 


i are indicated for easy measuring. 


Hand tools should be 
cleaned daily and in- 
spected before and af- 
ter use to ensure they 
are in good operating 
condition. 
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Figure 5-1. Folding rules Rules and Tapes 55. 
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Plumb Bob 


A plumb boo is a cone-shaped metal 
weight fastened to a string that is used 
to establish a true plumb line (vertical 
plane). See Figure 5-2. A plumb bob is 
used to transfer the centers of openings 
for pipes from one floor to the next floor 
so pipe can be run directly to the center of 
the opening. For accurate measurements, 
the string must extend from the exact top 
center of the plumb bob. 


a taga 
David White Instruments 


Transit levels are used to establish straight-line references. 
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Figure 5-2. Plumb bobs establish a true 
plumb line, and are commonly used to 
transfer center points from one floor level 
to another. 


Hand Levels 

A level is a device used to establish ac- 
curate horizontal and vertical surfaces. 
Hand levels include torpedo, laser torpedo, 
and carpenter’s levels. See Figure 5-3. A 
torpedo level is a short level that uses an 
air bubble located inside a liquid-filled vial 
to establish plumb and level references. 
The vial is mounted in a metal frame that 
has a rectangular cross section. When us- 
ing a torpedo level, hold the frame firmly 
against the surface to ensure an accurate 
reading. Plumbers preter a torpedo level 
with a magnetic base so that the level may 
be attached to cast iron soil and steel pipe. 
In addition, the vials on some torpedo 
levels are graduated to indicate Y%-inch, 


Ya-inch, and %-inch per foot grades. A laser 
torpedo level is a torpedo level equipped 
with an accurate laser beam. The laser beam 
is projected across an open area, and can be 
used to align multiple fixtures such as a row 
of lavatories or urinals. A carpenter's level 
is a level that uses an air bubble located 
inside a liquid-filled vial to establish plumb 
and level references. Carpenter’s levels are 
available in various lengths from 18” to 
72”. Some carpenter's levels may have an 
adjustable grade screw for setting the pitch 
on drainage piping. 
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Figure 5-3 ee 


Figure 5-3. Hand levels are used to establish 
accurate horizontal and vertical distances. 


Marking Tools 

Marking tools apply a mark to a surface such 
as a wall or pipe. A chalk line is a chalk- 
coated string used to mark straight lines on 
flat surfaces. See Figure 5-4. A chalk box 
filled with powdered chalk reapplies chalk 
to the line whenever it is wound into the box. 
The chalk box should be tapped on a surface 


when pulling out the line to ensure that the 
line is uniformly coated with chalk. 

Chalk lines are commonly used to lay 
out grid and wall lines on floors so that pipe 
can be accurately installed before walls are 
constructed. A chalk line is pulled tightly 
between two points and the line is care- 
fully pulled at a 90° angle to the surface 
and snapped, leaving a line of chalk on the 
surface. Powdered chalk is available in a 
variety of colors. 
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Figure 5-4. Chalk lines, pencils, and 
soapstone are among the items used to 
mark surfaces. 


Pencils, marking pens, and soapstone are 
used for layout and to mark pipe. Soapstone 
is typically used to mark cast iron soil pipe. 
Soapstone is placed in a holder for ease of 
use and to prevent it from breaking. 
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When setting up a laser 
transit level or pipe laser 
level, position the level 
so the laser beam does 
not strike workers or 


equipment operators in 
| the eyes. 
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Figure 5-5. Slip-joint pliers 
are used to tighten nuts, 
bolts, and other small 
items. 


Figure 5-6. A6-in-1 screw- 
driver combines straight 
and Phillips screwdrivers 


with two sizes of nut driver. 
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Slip-Joint Pliers 

Slip-joint pliers, also known as pump pliers, 
are pliers used for a variety of applications 
including tightening nuts, bolts, fittings, 
and unplated trap nuts. In addition, slip- 
joint pliers are used to hold small items 
not easily held with the fingers. The jaws 
of slip-joint pliers are adjustable to accom- 
modate the size of the item being tightened. 
See Figure 5-5. 
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Muitifunction Screwdriver 

A multifunction screwdriver is a hand tool 
used to tighten or loosen a variety of sizes 
and types of fasteners. A multifunction 
screwdriver can replace several other sin- 
gle-function screwdrivers, saving space 
in a tool pouch or tool box. Multifunction 
screwdrivers come in 5-in-1. 6-in-1. 10- 
in-1, and 1 1-in-1 models. For example, a 
6-in-1 screwdriver includes 346” and 1⁄4” 
straight bits, 1⁄4” and 546” nut drivers, and 
#1 and #2 Phillips bits. See Figure 5-6. A 
10-in- 1 screwdriver includes “6” and 4” 
straight bits, 1⁄4” and %46” nut drivers, #1 
and #2 Phillips bits, T10 and T15 Torx® 
bits, and #1 and #2 square bits. 


6-in-1 Screwdrivers 


came 


Hammers 

Hammers typically used for plumbing 
installation tasks include claw hammers 
and sledgehammers. See Figure 5-7. A 
claw hammer is a striking tool with a 
flat. hardened head and a slotted claw 
used to remove nails. A claw hammer 
is necessary for installing and remov- 
ing nails when working in wood frame 
construction. A claw hammer is also 
useful for installing anchors in concrete 
and other tasks. A sledgehammer is 
a heavy striking tool with two strik- 
ing faces used to drive stakes into the 
ground and other heavy work. A 2% lb 
sledgehammer is useful for breaking up 
concrete and other demolition work. 


Pipe Vise 

Pipe must be properly secured in a pipe 
vise before being cut or prepared for join- 
ing and assembly. When manually cutting, 
threading, or grooving pipe, the pipe is 
secured in a pipe vise. A pipe vise is an 
assembly for holding pipe in place during 
cutting. threading, or grooving operations. 
A yoke pipe vise is a pipe vise that holds 
pipe using a yoke that is tightened down 
on the pipe with a threaded stem. A chain 
pipe vise is a pipe vise that holds pipe 
using a chain that is placed over the pipe 
and tightened with an adjustment handle. 
See Figure 5-8. A chain pipe vise is usu- 
ally attached to a tripod pipe vise stand. 
Different pipe vise jaws are available for 
various piping materials. 
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Figure 5-8. Pipe must be secured in a 
pipe vise before being cut or prepared 
for joining and assembly. 


Picks and Shovels 


Digging tools, such as a pick and shovel, 
are used to excavate trenches for under- 
ground pipe. Shovel blades and shanks 
are one piece, heavy-gauge steel and 
handles are either wood or reinforced 
fiberglass. Long-handle shovels provide 
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greater leverage: short-handle shovels are 
convenient to use in areas with limited 
access. A pick is required when the soil is 
too compact to be broken up or removed 
with a shovel. See Figure 5-9. 


CUTTING AND 
DRILLING TOOLS 


When the locations of plumbing fixtures 
and pipes are laid out, holes must be cut in 
the building walls and floors to accommo- 
date the piping. Building walls and floors 
are made of various materials, including 
wood, metal, and concrete, and the proper 
too! must be used to cut or drill the material. 


Saws 


Saws are used to cut openings in a struc- 
ture so pipes can pass through walls, 
floors. and roofs. Handsaws are used to 
manually cut metal, wood, and plastic. 
A keyhole saw is a handsaw used to cut 
openings in relatively thin materials 
where it is impractical to use a reciprocat- 
ing saw. The tapered blades of keyhole 
and compass saws allow a small radius 
to be cut near the point. When using a 
compass or keyhole saw, drill a hole 
large enough to start the blade and work 
the blade back and forth through the hole 
to make the desired cut. A hacksaw is a 
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Figure 5-7. An assort- 
ment of hammers are 
necessary for installing 
plumbing. 


—— — 
Always wear the appro- 
priate personal protec- 
tive equipment (PPE) 
for the operation being 


| performed. 
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Figure 5-9. Picks and 
shovels are used to ex- 
cavate trenches for pipe. 


Figure 5-10. Handsaws Handsaws 


are used to cut metal, 
wood, and plastic. 
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handsaw used to cut a variety of materi- 
als including pipe hanger rod, steel pipe. 


copper tube, and plastic pipe. The proper 


hacksaw blade must be used for the mate- 
rial being cut. In general, the thinner the 
material being cut, the higher the number 
of teeth per inch that should be used. A 
jab saw is ahandsaw fitted with a hacksaw 
blade that is used when it is difficult to 
maneuver a hacksaw. 


Digging Tools - 


A close-quarter hacksaw has a small 
hacksaw blade that is used for cutting 
when it is difficult to maneuver a full- 
size hacksaw. 

A drywall saw is used to cut open dry- 
wall walls on remodeling work. When 
using a drywall saw, drill a hole large 
enough to start the blade and work the 
blade back and forth through the hole to 
make the desired cut. See Figure 5-10. 
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Figure 5-10 
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To save labor, power saws are preferred 
by plumbers. See Figure 5-11. A recipro- 
cating saw is a general-purpose electric or 
battery-powered saw used in wood frame 
construction to cut holes over 2”. In ad- 
dition, a reciprocating saw is used to cut 
openings for pipes to pass through wood 
framing members at an angle, where it is 
difficult to drill the proper hole. Blades are 
available for cutting a variety of materials 
including wood, metal, and plastic. With 
the proper blade, reciprocating saws can 
be used to cut pipe. 
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Figure 5-11. Reciprocating, portable 
band, and cutout saws cut a variety of ma- 
terials including wood, metal, and plastic. 


A portable band saw is an electric 
saw used to cut metal and plastic pipe 
and other materials. Portable band saws 
are very useful for cutting threaded 
hanger rod when angle grinders are not 
available or sparks are an issue. 

A cutout saw, or spiral-cut saw, is a saw 
that uses a 1⁄8” or 1⁄4” bit to cut through 
wood and nonwood materials up to 1” 
thick. While especially useful for cutting 
openings in gypsum board, a cutout saw 
can also be used to cut laminate coun- 
tertop sink cutouts, cement and backer 
board, and other materials. The tip of the 
bit is slowly plunged into the material 
until the base rests against the surface. 


Portable Drills 

Portable drills are used to cut circular 
openings in studs, joists, and/or floors to 
permit the installation of piping. A variety 
of drills are available for different ap- 
plications, including corded and cordless 
drills. See Figure 5-12. Drilling through 
studs, joists, or other structural members 
reduces the structural strength of the 
members. The minimum-size hole for the 
desired pipe should be drilled in structural 
members to preserve their integrity and 
minimize loss of structural strength. 

A right-angle drill is a corded or cord- 
less drill commonly used to drill holes 
squarely through studs or joists spaced 
16” or 24” on center (OC). Right-angle 
drills have a ¥2” drill chuck and can drill 
holes up to 45%”. Pistol-grip drills are 
commonly used to drill holes for rough- 
ing in water supply pipe in wood frame 
construction. In addition, corded and 
cordless drills are used in the finishing 
construction stages for attaching hang- 
ers and supports for fixtures. Pistol-grip 
corded or cordless drills are available 
with %” and 2” drill chucks. 

Large commercial buildings are 
usually constructed with reinforced 
concrete floors and brick and concrete 
block (masonry) walls. Reinforced 
concrete is concrete reinforced with 
steel reinforcement such as steel bars 
(rebar) and welded wire reinforcement 
(wire mesh). In new construction, holes 
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Safety glasses or goggles 
are required when drill- 


ing materials. 
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Figure 5-12. Right-angle 
and pistol-grip drills are 
used to drill holes in wood 
framing. 


is 


> 
3 


S 


are sleeved through the walls and floors 
for pipe and inserts are placed in the 
concrete floors for pipe hangers and 
supports where practical, When sleeves 
and inserts are not provided, holes must 
be drilled in the conerete tloors or ma- 
sonry walls so that the piping systems 
can be installed. 


Portable Drills —— 
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Hammer drills and rotary hammers 
are used to drill holes in concrete. 
See Figure 5-13. Hammer drills and 
rotary hammers rotate the drill bit 
and impact (hammer) the surface 
at the same time. They drill holes 
in concrete more efficiently than a 
standard drill because the rotating and 
hammering action results in faster and 
cleaner holes. 

A hammer drill is a drill used for drill- 
ing small-diameter (up to 54”) holes in 
reinforced concrete construction. Ham- 
mer drills use a standard drill chuck. 
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A rotary hammer is a drill used to drill 
holes up to 84” diameter in concrete or 
masonry construction with solid drill 
bits. Rotary hammers operate at a lower 
rpm than hammer drills. Rotary hammers 
use a slotted drive system or slotted drive 
shank (SDS) chucks and bits. 


Hammer Drills 


and Rotary Hammers ——.— 
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Figure 5-13. Hammer drills and rotary 
hammers apply a rotating and hammer- 
ing action to drill holes in concrete. 


A variety of drill bits are available for 
use with corded or cordless drills. right- 
angle drills. hammer drills, and rotary 
hammers. See Figure 5-14. A solid bit 
is a drill bit manufactured from a solid 
evlindrical piece of steel and that has 
cutting lips along the edges of its spiral 
shaft. A solid bit breaks up the material it 
is Cutting and removes the material along 
the spiral shaft. Tivisr drill. or high-speed 
drill bit. is a general-purpose solid bit 
commonly used to drill small holes (up 


to I” diameter) in wood or light-gauge 
metal. A spade hit is a solid bit used to 
bore 1⁄4” to 1⁄2” holes in wood and plastic 
and that has cutting lips at the outside 
Spade bits are 
for cutting holes in studs and joists for 
piping. A self-feed bit is 


to hore 1” to 4%” diameter hole 


ede commonly used 
a solid bit used 
In wood 
tuds and floors, 

A hole saw is a multipicce drill bit that 
consists of several components including 
a mandrel. pilot bit. and hollow cylindnri 
cal bit with segmented teeth formed along 
the cutting edge. Hole saws are used to 
cut holes in metal studs and joists for 
water supply and drainage pipes. SDS 
bits are available in sizes from Yo" toy | Yn 
and are used in rotary hammers 

A core drillis a piece of drilling equip- 
ment consisting of a drill head. mast. and 
base that is used to cut holes up to 14” 


diameter in concrete. concrete block. 


Drill Bits 


ELF*PEED 


and stone. See Figure 5-15. A core bit 
is threaded onto the movable drill head. 
which is mounted on a vertical mast 
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Figure 5-15. A core drill 
and bits are used to drill 
holes in concrete. 


Figure 5-14. Various bits 
are used with electric or 
battery-powered drills. 
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Large core bits are 
cooled with water, 
which also flushes con- 
crete and steel particles 
from the hole. 

— 
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The base is secured to a concrete floor us- 
ing a vacuum pump assembly or masonry 
anchors. In some cases, a telescoping ex- 
tension assembly is used to brace the core 
drill securely to the overhead structure. 

A core bit is a hollow bit with industrial 
diamond teeth embedded in the cutting 
edge. The barrel of a core bit retains a 
solid core of material when used on a 
solid material such as concrete. Diamond- 
faced core bits must be provided with an 
adequate supply of water to cool the bits 
and to flush concrete and steel particles 
from the hole. A pressurized water tank 
or garden hose is used to supply water 
to the bit. 


Snips 

Sheet metal and aviation snips are used 
to cut light-gauge sheet metal. See Fig- 
ure 5-16. Sheet metal snips, or tin snips, 
are snips used to make straight cuts in 
light-gauge sheet metal. Sheet metal 
snips are available in 7”, 10”, and 12” 
lengths. Aviation snips are snips used 
to make straight or angled cuts in light- 
gauge sheet metal. The compound action 
of aviation snips results in maximum 
cutting power with minimal effort. Sheet 
metal snips and aviation snips are also 
used to cut metal studs to provide holes 
for piping. 


Polyvinyl chloride (PVC) pipe can be 

used for drainage, waste, and vent pip- 

ing; sewers; water mains; water service 

lines; irrigation; conduit; and industrial 
ii applications. 


PLASTIC PIPE TOOLS AND 
EQUIPMENT 

ABS, PVC, CPVC, and PEX plastic pipe 
are used for piping plumbing systems. 
Plastic pipe must be cut to the desired 
length and deburred prior to assembly. 


Cutting Tools and Equipment 


A variety of tools are used to cut plastic 
pipe and tubing. including saws and 
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cutters. See Figure 5-17. Chop and 
universal saws are typically used to 
cut large-diameter plastic pipe, such 
as plastic waste and vent pipe. A chop 
saw is a circular saw that is attached to 
a small table and pivots at the rear. A 
chop saw is pulled down onto the pipe or 
material being cut, and a spring returns 
it to its original position. Chop saws are 
equipped with abrasive or toothed saw 
blades, depending on the material being 
cut. Universal saws and chop saws are 
used to cut 1” and larger plastic pipe used 
for waste and vent piping. A PVC/ABS saw 
is a fine-toothed handsaw used to cut 
plastic pipe. Handsaws are available 
with 12” and 18” blades. 

A variety of cutters are used to cut 
plastic pipe, including scissors, ratchet, 
and internal cutters. A scissors cutter is a 
plastic tubing cutter in which the handles 
are squeezed together to cut the tubing. 
Scissors cutters are typically used for 
cutting PEX tubing. 
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Figure 5-16. Sheet metal and aviation snips 
are used to cut light-gauge sheet metal. 
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Figure 5-17. A variety of 
tools are used to cut plas- 
tic pipe and tubing. 
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Ratchet Scissors Internal 
CUTTERS 


A plastic pipe ratchet cutter is a 
plastic pipe cutter that is used to cut 
plastic pipe up to 1”. Ratchet cutters 
provide a mechanical advantage, al- 
lowing thick-walled pipe to be easily 
cut. The handles are opened and closed 
several times to make a complete cut 
through the pipe or tubing. An internal 
cutter 1s a plastic pipe cutter used to 
make accurate and square cuts from the 
inside of pipe. Internal pipe cutters are 
used to cut pipe at floor level or in other 
locations, such as close to walls, that 
are not readily accessible with other 
pipe cutters. 


Deburring Tools 

When a saw is used to cut plastic pipe, a 
burr is left on the inside of the pipe that may 
cause an obstruction if it is not removed. 
A deburring tool is a hand tool that 
removes burrs and outside ridges from 
plastic pipe. A pencil-type deburring 


tool is a hand tool that is used to remove 
the burrs from inside plastic pipe. See 2mm 
Figure 5-18. Cone-type deburring tools 

are used to remove both the burr inside 
the pipe and any burr or ridge on the 
outside of the pipe. A round rat tail or 
half-round file or a pocket knife can also 
be used to deburr plastic pipe. 


Burrs on the inside of 

plastic pipe must be re- 

moved to prevent ob- 

structions that may re- 
| strict water flow. 


PEX Tools 


To join PEX tubing to the fitting, an 
expander tool, a pressing tool, or a 
crimping tool is required, depending 
on the type of PEX being installed. 
See Figure 5-19. An expander tool is 
a hand tool with a conical tip that is 
inserted into the end of PEX tubing 
and expanded as the handles are pushed 
together. When joining PEX tubing 
with compression sleeves, a pressing 
tool is used to compress the sleeve over 
the tubing to secure it to the fitting. 
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Figure 5-18. Deburring Plastic Pipe Deburring ` Tools = 


tools remove burrs from == 
the inside and outside of 
plastic pipe after it is cut. 


Figure 5-19. An expand- 
er tool, pressing tool, or 
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join PEX tubing to fittings. 
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CRIMPING TOOL 


A crimping tool is a hand tool used to 
crimp, or tighten, a crimping ring secure- 
ly around PEX tubing. A different tool 
is required for each size of PEX tubing. 

A PEX clip installation tool is used 
to secure the tubing to wood framing 
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Figure 5-18 
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members. See Figure 5-20. The tool 
is positioned over the tubing and as the 
spring-loaded lever is squeezed, a clip 
hanger 1s secured over the tubing and nailed 
onto the wood framing in one motion. 

A go/no-go gauge must be used to 
check the crimping rings on PEX tubing. 
A go/no-go gauge is a flat piece of sheet 
metal with standard-size notches that 
is used to verify the proper diameter of 
crimping rings. If the go gauge fits the 
rings and the no-go gauge does not fit the 
rings, the crimp is acceptable. 


PEX Clip 
Installation Tool 
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Figure 5-20. A PEX clip installation tool is 
used to fasten the tubing to wood framing. 


COPPER TUBE TOOLS 
AND EQUIPMENT 


Copper tube is cut, either deburred or 
reamed, and cleaned to ensure that the 
tube is properly prepared prior to join- 
ing and assembly. Special tools, such as 
torches, groovers, T-drills, and flaring 
tools, are used to join and assemble cop- 
per tube and fittings. 


Cutting Tools 


Copper tube is cut with a pipe cutter and 
reamed with a reamer before it is joined 
to other tube or fittings. A tubing cutter 
is a cutting tool consisting of a cutting 
wheel (or a series of cutting wheels) and 
guide wheels attached to a rigid frame 
used to make a square cut on tubing. A 
tubing cutter makes a square cut on the 
tube end so that it seats properly within 
the fitting. A tubing cutter does not 
remove any metal; instead, the wheel 
squeezes the metal and forces it ahead 
of the cutter until the tube is cut through. 


Tubing Cutters —— 


Tubing cutters are available in a 
variety of sizes for cutting copper 
tube from Ys” to 6”. See Figure 5-21. 
Small-diameter tubing cutters are used 
to cut copper tube up to 2”. An internal 
tubing cutter is used for trimming tub- 
ing below floor level, in shower or floor 
drain installations, or above the ceiling 
sprinkler installations. A large-diameter 
tubing cutter is used to cut copper tube 
from 2” to 6”. 

When using tubing cutters, place the 
copper tube squarely against the guide 
wheels and tighten the cutting wheel 
against the tube wall using the feed 
screw knob. Rotate the tubing cutter 
around the tube and retighten the feed 
screw knob. Continue the process until 
the tube wall is cut through. In prefab- 
rication (prefab) shops or on job sites 
where there is a large amount of copper 
tube being installed, a chop saw with 
a carbide-tipped blade may be used to 
cut the tube. 


“Figure 5-21 
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The burr and ridge re- 
maining on copper tube 
after cutting must be 


properly removed. 


Figure 5-21. Tubing cut- 
ters are available in a 
variety of sizes and styles. 
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When soldering or braz- 
ing copper tube and fit- 
tings, ensure there is no 
water present in the tube 


l or fitting. 


Figure 5-22. Deburring 
tools or reamers are used 
to remove the burr and 
ridge left on copper tube 
after the tube is cut. 


pa 


Deburring and Reaming Tools 
A tubing cutter leaves a small burr on the 
inside of copper tube and a slight ridge 
on the outside of the tube that must be 
removed prior to joining and assembling 
the tube and fittings. Burrs on the inside 
of the tube will restrict water flow through 
the tube; ridges on the outside of the tube 
may not allow the tube to be inserted easily 
or seat into the fitting socket. A deburr- 
ing tool or reamer is used to remove the 
burr and ridge to prepare copper tube for 
joining and assembly. Several models of 
deburring tools are available; some deburr- 
ing tools remove the burr and ridge simul- 
taneously. See Figure 5-22. A deburring 
tool or reamer is rotated around the inside 
and outside edges of the tube to remove the 
burr and ridge without flaring or thinning 
the edge of the tube. 
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Cleaning Tools 


When using soldered or brazed copper 


joints, the outside of the copper tube 
and the inside of the fittings must be 
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mechanically cleaned prior to assembly. 
See Figure 5-23. Abrasive sandcloth or 
tube-cleaning brushes are used to clean 
the outside of copper tube. Abrasive 
cloth is used to clean all sizes of copper 
tube: tube-cleaning brushes are available 
as a 1⁄2” and 3⁄4” combination tool. 

When using abrasive cloth, a strip of 
the cloth is removed from the roll and 
held tightly with one end of the strip 
in each hand. The cloth is moved back 
and forth across the surface of the pipe 
end. The surface will become bright as 
itis cleaned. The bright surface should 
be slightly longer than the depth of 
the fitting cup. When using a tube- 
cleaning brush, the end of the cop- 
per tube ts placed in the appropriate 
size Opening and the brush is rotated 
around the tube. 


Copper Tube 
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Figure 5-23. Abrasive sandcloth and 
brushes are used to clean copper tube 
and fittings prior to assembly. 


Copper tube fitting brushes are used to 
clean the inside surface of copper fittings. 
Copper tube fitting brushes are available 
for 1⁄8” to 242” fittings. A fitting brush is 
inserted into the fitting cup and rotated 
until the surface becomes bright. Copper 
fittings larger than 2%” are cleaned with 
abrasive sandcloth. Take care to see that 


all particles and shavings are removed 
from inside the copper tube and fittings 
when cleaning is completed. 


Soldering and Brazing Tools 
and Equipment 

Soldering and brazing are methods used 
to join copper tube. Soldering is a copper 
tube joining method that uses nonferrous 


filler metal with a melting temperature of 


less than 840° F. Soldered joints are most 
commonly used on copper water pipe. 
Brazing is a copper tube joining method 
in which a nonferrous filler metal with a 
melting temperature of 840° F or more is 
used. Brazed joints may be used on water 
pipe, but are typically used for special- 
ized piping applications such as medical 
gas piping and natural gas supply piping. 
and in applications where greater joint 
strength 1s required. 

The solder. or filler metal. must be 
heated to its melting point to ensure that 
the metal flows properly into the fitting 
socket. Solder used for potable water sup- 
ply piping requires the heat produced by 
swirl combustion to adequately heat the 
tube and fitting. Plumbers use a variety 
of different types of torches to solder and 
braze copper tube. See Figure 5-24. A 
torch assembly that uses MAPP (methyl 
acetylene propadiene) stabilized gas, a 
mixture of acetylene and liquefied petro- 
leum gases, is commonly used as a heat 
source when soldering small-diameter 
copper tube. Larger diameter copper tube 
may be soldered with either an LP (lique- 
fied petroleum) gas or acetylene gas torch. 

WARNING: Soldering involves the 
use of fire and molten metals. Swirl 
combustion torches emit a loud whistling 
noise when they are being used. Proper 
personal protective equipment, including 
appropriate gloves and hearing protec- 
tion, must be worn when soldering. 


MAPP gas burns about 500°F hotter 
than propane gas, making it ideal for 
brazing applications. 
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Figure 5-24. Plumbers use a variety of 
torch assemblies to solder and braze 
copper tube. 
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Figure 5-25. A pressing 
tool with the appropriate 
size clamping jaw for the 
size of tubing being in- 
Stalled is used to make a 
press fitting joint. 
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Various sizes of torch tips are available 
for soldering and brazing copper tube and 
fittings. Brazing requires more heat than 
soldering and oxyfuel equipment may be 
needed for larger sizes of tubing. Larger 
sizes of copper tube and fittings require 
larger torch tips to ensure that adequate 
heat is delivered to the joint. A #1 torch tip 
(pencil tip) is used for 1⁄2” to 1” size tube, 
a #2 tip is used for 11⁄4” to 2” size tube, a 
#3 tip is used for 3” to 4” size tube, and a 
#4 torch tip or multi-orifice tip 1s used for 
copper tube larger than 4” in size. 


Copper Press Fitting Tools 


Copper press fittings are used for aboveg- 
round water supply and distnbution pip- 
ing. Copper press fittings are available in 
sizes from 1⁄2” to 4”. A pressing tool with 
the appropriate size clamping jaw for the 
size of tube being installed is used to make 
a press fitting joint. See Figure 5-25. The 
jaws are placed over the fitting and the 
trigger is pressed to start the clamping 
procedure. The tool trigger is held until 
the tool automatically stops when the 
crimping procedure is complete. 
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Rolled Groove Joint Tools 

Rolled groove joint copper fittings range 
from 2” to 8” size and are used for above- 
ground potable water supply applications. 
In the rolled groove process, a groove of 
standard depth and width is formed in the 
tube to provide a recess for the coupling. 
The depth, width, and location of the 
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groove must be accurate to ensure a water- 
tight joint. A roll groover is a tool used to 
form a small-radius groove on the end of 
copper tube. See Figure 5-26. A powered 
roll groover is mounted to a pipe machine. 


Tee-Pulling Tools 

Tee-pulling, or tee-drilling, is the process 
of extruding a branch collar, or tee, from 
the wall of copper tube. Tee-pulling is 
a fast and easy process and eliminates 
the need for tee fittings used in copper 
tube runs. An electric drill and collaring 
machine (often called by the trade name 
T-DRILL"), with its appropriate collaring 
head, and a tube end notcher are needed 
for a tee-pulled joint. See Figure 5-27. 
A tube end notcher is a manually oper- 
ated cutter that cuts a curved notch and 
produces two dimples simultaneously on 
a branch tube. One dimple is a depth stop 
for the branch tube as it is inserted into 
the branch collar, and the other dimple is 
used for inspection of the joint. 
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Figure 5-26. A powered groover is used 
to roll grooves on copper tube. 


Tee-pulled joints are less likely to leak 
since they have one soldered joint while 
| tee fittings have three. 


Tee-Pulling Tools 
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Figure 5-27. A collaring machine with the 
appropriate collaring head and a tube 
notcher are needed for a tee-pulled joint. 


Flared Joint Tools 

Flared joint fittings are used with types K 
and L annealed copper tube and are typi- 
cally used for underground water service 
applications. Impact or yoke-and-screw 
flaring tools are used to flare the ends of 
copper tube. See Figure 5-28. An impact 
flaring tool is a flaring tool that is driven 
into the end of copper tube with a ham- 
mer to form a flare. To ensure the proper 
flare, the impact flaring tool must be 
driven into the tube until the end of the 
tube is flush with the collar. A different 
size flaring tool is needed for each size 
of copper tube. 


A yoke-and-screw flaring tool is a flar- 
ing tool in which a flare is tormed by 
forcing a conical flare cone into the end of 
copper tube. Copper tube is inserted into 
the flaring block with the end flush with 
the top surface of the block and clamped 
firmly. The flare cone is forced into the 
end of the tube by turning the hand screw. 
A flare is formed as the end of the tube is 
forced against the flaring block. Several 
sizes of copper tube can be flared using a 
yoke-and-screw flaring tool. 


a 


The locations of fixtures 
and appliances for small 
plumbing projects are 
specified on the prints, 
but the location and 
installation of piping 
must be coordinated with 
| other trades. 
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Figure 5-28. Impact or yoke-and-screw 
flaring tools are used to flare the ends of 
copper tube. 
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Pipe must be properly secured and supported during storage. 
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Dirt or other debris on 
the ends of cast iron soil 
pipe must be removed 
before cutting or joining. 


Figure 5-29. Spring, le- 
ver, and ratchet benders 
are used to bend %” to 
%” outside diameter cop- 
per tube. 
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Bending Tools 

In some applications, copper tube may be 
bent rather than using a fitting to make 
a change in direction or offset. When 
bending copper tube, ensure that the tube 
does not kink. reducing the flow capac- 
ity of the tube. Spring. lever. and ratchet 
benders are used to bend 4” to 34” size 
copper tube. See Figure 5-29. A different 
size bending tool is needed for each size 
of tubing. A spring bender is a copper 
tube bending tool for free-form bending 
of annealed copper tube from 1⁄4” to 3⁄4” 
in size. A spring bender is slipped over 
the tube end and moved to the area of the 
bend. The spring and the tube are bent 
to the desired shape and the spring is 
removed from the tubing. 


Copper Tube Bending Tools — 
(Lil Mi 


© TUBE INSERTED 
IN FLARED END 


eal 
g 
s 


RIDGID 
SPRING 
„—ANGLE 
GRADUATIONS 


p- My 
-HANDLES 
Rothenberger USA, Inc 


LEVER 


THROAT 
HANDLES A y 


i = a 


4 


> ANGLE 
GRADUATIONS 


RIDGID’ 


RATCHET 


PLUMBING DESIGN AND INSTALLATION 


A lever bender is a hand tool used to 
bend 1⁄4”and 38” drawn or annealed cop- 
per tube. A ratchet bender is a hand tool 
used to bend 1⁄2” to 34” drawn copper tube. 
Ratchet benders contain a series of gears 
which make bending larger sizes of drawn 
copper tube easier. Lever and ratchet 
benders operate similarly; copper tube is 
inserted into the throat of the bender and 
properly positioned. The handles are then 
pulled together to form the desired angle. 
Graduations on the benders indicate the 
approximate bend angle. 


CAST IRON SOIL PIPE 
TOOLS AND EQUIPMENT 


Cast iron soil pipe and fittings are manu- 
factured as either no-hub or bell-and- 
spigot pipe. Both no-hub and bell-and- 
spigot soil pipe are used for piping above- 
and belowground drainage systems. Cast 
iron soil pipe and fittings are primarily 
used in commercial buildings that require 
that noncombustible piping materials be 
used for penetrating floors. 


Cutting and Grinding Tools 


No-hub and bell-and-spigot cast iron 
soil pipe are cut with the same tools. 
See Figure 5-30. Squeeze, ratchet, and 
hydraulic cutters have a cutting wheel 
at each link of the chain. The chain is 
wrapped around the pipe and then drawn 
tight until the pipe breaks beneath the 
center of the chain, 

A squeeze cutter is a pipe cutter used 
to cut 142” to 6” cast iron soil pipe. It is 
typically used to cut no-hub soil pipe. A 
squeeze cutter is quicker and easier to 
operate on thin-wall pipe than a ratchet 
cutter, which has a tendency to crush or 
crack no-hub pipe, resulting in ragged 
pipe ends. A squeeze cutter can also be 
used on service weight bell-and-spigot 
cast iron soil pipe. 

A soil pipe ratchet cutter is a pipe 
cutter used to cut 14%” to 8” cast iron 
soil pipe. The chain is wrapped snugly 
around the pipe and the loose end is 
attached to the cutter jaws. The ratchet 
handle is rotated, tightening the chain 
and forcing the cutting wheels into the 


pipe. A ratchet cutter may be used in 
close quarters where a minimum amount 
of space is available. 

A hydraulic cutter is a pipe cutter used 
to cut 8” to 15” cast iron soil pipe. The 
force of a hydraulic cutter is supplied 
through a remote hydraulic pump. As 
hydraulic pressure is applied to the cut- 
ter, the cutting wheels are torced into the 
pipe, causing the pipe to snap. 

A chop saw equipped with an abrasive 
blade is used to cut 11⁄2” to 4” no-hub 
cast iron soil pipe. The soil pipe must be 
securely positioned in the chop saw so 
that it does not twist or move and pinch 
the blade. As the abrasive blade cuts the 
soil pipe, a shower of sparks, cast iron 
particles, and abrasive wheel particles is 
projected from the pipe. 
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MOTOR 
HOUSING — 


TABLE 


WARNING: A full face shield and gloves 
must be worn when operating a chop saw. 

A grinder is used to remove ragged 
edges from pipe so the edges do not gouge 
the gaskets or neoprene sleeves used when 


joining bell-and-spigot and no-hub cast 


iron soil pipe. See Figure 5-31. An angle 
grinder 1s a handheld tool used to remove 
material by abrasive action. 

WARNING: A full face shield and gloves 
must be worn when operating a grinder. 


Assembly Tools 

Cast iron soil pipe is heavy and requires spe- 
cialized tools to assemble watertight joints. 
No-hub and bell-and-spigot cast iron soil 
pipe require rubber gaskets. No-hub gaskets 
fit on the outside of no-hub cast iron soil pipe. 
Bell-and-spigot gaskets fit inside the bell end 
of cast iron soil pipe. 
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Figure 5-30. Squeeze, 
ratchet, and hydraulic cut- 
ters as well as chop saws 
are used to cut cast iron 
soil pipe. 
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Figure 5-31. A handheld Handheld Angle Grinders 


angle grinder removes 
rough and sharp edges 
from cast iron soil pipe. 
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A portable drill is fitted 
with a depth guide when 
drilling anchor holes to 


|: a specific depth. 
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No-Hub Cast Iron Soil Pipe Joint 
Tools. A stainless steel clamp assembly 
holds no-hub cast iron soil pipe and 
fittings together and is secured in posi- 
tion with “6” hex nuts on stainless steel 
clamps. A T-handle torque wrench is 
recommended for tightening the nuts 
since the wrench applies 60 in-Ib of 
torque and then releases. See Figure 5-32. 
Nut drivers. ratchets with shallow or deep 
sockets, and electric or battery-powered 
drills equipped with a 546” nut driver may 
also be used to tighten no-hub couplings, 
but care must be taken to ensure that the 
clamp does not strip or break. 


Figure 5-32. Various tools No-Hub Cast Iron Soil Pipe Joint Tools | 
are used to tighten no-hub : - - 


couplings. 
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Cast Iron Soil Pipe Compression Gas- 
ket Joint Tools. A compression gasket 


joint is formed on bell-and-spigot cast 


iron soil pipe by inserting a gasket into 
the bell of one pipe length or fitting and 
inserting the spigot of the next pipe length 
into the gasket until it seats properly. A 
soil pipe assembly tool is a hand tool 
that provides the leverage necessary to 
pull bell and spigot ends together when 
assembling bell-and-spigot cast iron 
soil pipe. See Figure 5-33. The spigot is 
barely inserted into the gasket. Sections 
of chain are wrapped around the bell and 
spigot ends and attached to the assembly 
tool. Starting from the vertical position, 
the handle is pushed down, forcing the 
spigot deeper into the gasket until it seats 
properly. The chains are released and then 
the assembly tool is removed. 


STEEL PIPE TOOLS AND 
EQUIPMENT 


At one time, steel pipe was used tor water 
distribution, sanitary waste and vent. storm 
water drainage, and gas piping systems. At 
the present time, virtually all the steel pipe 
installed by plumbers is threaded pipe for 
natural gas piping to plumbing appliances 
and for fixture drain connections. 


Soil Pipe Assembly Tool 
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Figure 5-33. A soil pipe assembly tool 
provides the leverage necessary to pull 
the spigot end of the pipe into the gasket 
in the hub. 


Cutting and Reaming: Tools 
Steel pipe is cut to length with a pipe 
cutter and reamed before it is threaded. 
A pipe cutter is a hand tool consisting 
of a cutting wheel or series of cutting 
wheels fastened to a rigid frame that is 
used to make a square cut on pipe. See 
Figure 5-34. A square cut is required 
on the ends of pipe so pipe dies will 
start straight when threading pipe and 
so the groove is parallel to the pipe end 
when grooving pipe. A pipe cutter does 
not remove any metal; instead, the wheel 
squeezes the metal and forces it ahead of 
the cutter until the pipe is cut through. 
Pipe cutters are available in a variety of 
sizes and styles for cutting up to 12” pipe. 
Multiple-wheel pipe cutters only need to 
be rotated around the pipe approximately 
90°, which allows the cutters to be used 
in tight quarters. Multiple-wheel pipe 
cutters are hinged so they can be opened 
and placed over a previously intalled pipe. 
As a pipe cutter is rotated around the 
pipe, the handle of the feed screw is 
tightened to apply additional pressure 
to the cutting wheel or wheels. A burr 
remains on the inside of the pipe and 
must be removed with a pipe reamer so 
that it will not obstruct flow in the pipe. 
A pipe reamer is a conical tool that is ro- 
tated inside the end of steel pipe to remove 
burrs. See Figure 5-35. Pipe is reamed 
after it is cut but before it 1s threaded. 


The conical shape of the reamer enlarges 
the end of the pipe slightly. The enlarged 
area is removed during the threading op- 
eration. If the pipe is threaded first and then 
reamed, it is difficult to properly engage 
the pipe and fitting threads. Pipe reamers 
are available in a variety of sizes for 1⁄4” 
to 4” pipe. Pipe larger than 4” is reamed 
with a half-round file. 
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Figure 5-34. Pipe cutters are used to cut 
steel pipe. 
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Figure 5-35. A pipe reamer is used to 
remove the burr left inside steel pipe. 
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Dies must be liberally 
lubricated when cutting 
threads and grooving 


| pipe. 
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Pipe Threading and Grooving 
Tools and Equipment 

Steel pipe is threaded manually or grooved 
with power tools. A pipe threader is a tool 
used to cut threads in steel pipe; it con- 
sists of dies, a die head, and one or more 
handles. See Figure 5-36. A die 1s a tool 
used to cut external threads in pipe. Four 
dies are mounted ina die head. A die head 
is the part of a pipe threader that secures 
dies in position and applies pressure to 
cut external threads. The end cap of a 
die head is removed to replace the dies. 

Specifically formulated cutting oils are 
applied to dies when cutting threads or 
grooves. Oil is applied using an oiler, an 
oil can, or an oiler attachment mounted 
on an oil container. An oiler is a device 
used to apply oil to dies and capture used 
oil in a reservoir for recirculation. 

Pipe threaders are nonratcheting or 
ratcheting tools. The handles of a non- 
ratcheting pipe threader are rotated com- 
pletely around steel pipe to turn the die 
head, and they require adequate clearance 
for the hanules. A three-way pipe thread- 
er is a nonratcheting pipe threader that 
holds three die sizes simultaneously— 
3”, Vo", and 3⁄4”, or ¥2", 3⁄4”, and 1” pipe 
dies. A ratcheting pipe threader has a 
ratchet mechanism built into the handle 
and only requires a small amount of 
clearance for proper operation. A drop- 
head pipe threader is a ratcheting pipe 
threader in which the entire die head is 
replaced with another die head for differ- 
ent pipe sizes. The reversible ratchet knob 
is pulled and the die head is dropped out 
of the pipe threader. 


To achieve the highest quality thread while 
threading pipe, thread-cutting oil should 
be used. When threading pipe manually, 
the pipe is held in a pipe vise and the 
threader rotates around the pipe. When 
threading pipe on a power threader, the 
pipe is locked in place with a chuck that 
rotates the pipe into the die while the die 
head or threader is stationary. 
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Figure 5-36. Pipe threaders are used to 
thread steel pipe. 


Pipe machines use a quick-opening die 
head. Pipe threaders cut standard threads 
in steel pipe so the pipe threads properly 
engage with standard fitting threads. See 
Figure 5-37. Smaller pipe sizes typically 
have more threads per inch than larger 
pipe sizes. Different pipe sizes with the 
same number of threads per inch are usu- 
ally threaded with the same dies using an 
adjustable die head. 

A pipe groover is an adjustable tool 
used to cut a standard groove in 2” to 
8” steel pipe. See Figure 5-38. When 
grooving steel pipe, the pipe is first 
cut squarely to the desired length and 
reamed to remove burrs. With the pipe 
secured in a pipe vise, the pipe groover is 
placed over the end of the pipe until the 
pipe end touches the stop. The cutter is 
brought into contact with the surface of 
the pipe, and the pipe groover is rotated 


around the pipe. The cutter is adjusted 
inward and the pipe groover is rotated 
again. This process is repeated until 
the desired groove depth is achieved. 
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Figure 5-37. Standard threads are re- 
quired on steel pipe so the pipe properly 
engages with standard fittings. 
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Figure 5-38. Pipe groovers are used to cut 
a standard groove in 2” to 8” steel pipe. 


is raised to manually retract the dies and 
release the pipe when the thread has been 
cut to the desired length. Quick-opening 
die heads are available as mono die heads 
or universal die heads. A mono die head 
is used to thread only one size of pipe; a 
different die head is required for each size 
of pipe. A universal die head is adjustable 
and is used to thread several pipe sizes 
with the same dies. 


Pipe Machines. Steel pipe is cut and 
threaded on the job site with a pipe ma- 
chine. See Figure 5-39. Small-diameter 
pipe machines are designed for 2” and 
smaller pipe and are mounted on a tripod 
stand. Small-diameter pipe machines 
can be moved around the job site easily. 
Cutting, reaming, and threading tools 
are attached to a carriage mounted on the 
pipe machine handles, or manual tools 
can be used. A separate oiler is used 
with this pipe machine. A large-diameter 
pipe machine is designed for 4” pipe 
and smaller and is typically used in a 
prefabrication shop or on a job where the 
machine can be moved between floors 
on a lift or elevator. 

Large-diameter machines typically 
have an integral oil reservoir and oil 
pump to lubricate the threads or grooves 
while they are being cut. Cutting, ream- 
ing, threading, and grooving tools are 
typically attached to a large-diameter 
pipe machine. A pipe support is an ac- 
cessory used to support long lengths of 
pipe and that must be used with a pipe 
machine to prevent the pipe from tipping 
the machine over. See Figure 5-40. 


Pipe wrench jaws should 
point in the direction of 
pulling force with the pipe 
centered in the jaws. 


Quick-opening die heads are used on 
pipe machines. A quick-opening die head 
is a die head with a lever at the top that 


Rothenberger USA, Inc 
Pipe machines are commonly used for cutting, reaming, and threading or 
grooving steel pipe. 
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Figure 5-39. A pipe ma- 
chine can have cutter, 
reamer, and die head 
mounted on a carriage 
along with an oiler to cool 
threads. 


Figure 5-40. A pipe sup- 
port is used to hold the 
end of a length of pipe in 
a pipe machine. 


Pipe must be properly 
supported during cut- 


ting, threading, and 
| grooving operations. 
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Pipe Wrenches 


A pipe wrench is a hand tool with ser- 
rated, adjustable jaws that is used to 
assemble threaded pipe and fittings. 
The size and type of pipe wrench used 
is determined by the size of pipe be- 
ing assembled, the approximate area 
in which work is performed, and by 
personal preference for a certain type 
of wrench. The proper size pipe wrench 
should be used when assembling steel 
pipe. See Figure 5-41. 

A straight pipe wrench is a general- 
purpose pipe wrench used to assemble 
14” to 8” pipe. Straight pipe wrenches 
are available in aluminum and cast 
iron, and in 6” to 60” lengths. Alumi- 
num wrenches are approximately 40% 
lighter than the same size cast iron 
wrenches. Aluminum straight pattern 
pipe wrenches are available in 12” to 
48” lengths. 

An end pipe wrench is a general- 
purpose pipe wrench used in tight quar- 
ters, such as when pipe is close to a wall, 
to assemble ¥” to 5” pipe. Cast iron 
end pipe wrenches are available in 6” 
to 36” lengths, and aluminum end pipe 
wrenches are available in 14”, 18”, and 
24” lengths. 

An offset pipe wrench is a general- 
purpose pipe wrench used in tight 
quarters, such as inside a wall cavity, 
to assemble 1⁄2” to 3” pipe. Offset pipe 
wrenches are available in cast iron or 
aluminum and in 14”, 18”, and 24” 
lengths. 

Chain wrenches are used to turn 
large-diameter steel pipe and can also 
be used to tighten threaded steel pipe 
and fittings. See Figure 5-42. A chain 
wrench is a pipe wrench with a serrated 
jaw, which uses a chain to secure the 
pipe in position. Chain wrenches dis- 
tribute the gripping force of the jaws 
evenly around the pipe without crush- 
ing it. Chain wrenches are convenient to 
use in tight quarters; the only clearance 
necessary is enough room to wrap the 
chain around the pipe or fitting. Chain 
wrenches are available for 2” to 4” pipe. 


Chain tongs is a type of chain wrench FINISHING TOOLS 


with two serrated jaws and a long Finishing tools are tools used to install 


handle that is used to provide maximum plumbing fixtures and appliances. Finish- 
leverage for turning large-diameter pipe. ing tools include tools used to make 
Chain tongs are available for pipe up to final connections and to tighten vis- 
18” size. ible fasteners. 
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Figure 5-41. The proper 
size pipe wrench must be 
used when assembling 
steel pipe and fittings. 
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Figure 5-42. Chain 
wrenches and tongs are 
used to assemble large- 
diameter steel pipe and 
fittings. 
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Chain Wrenches and Tongs — Figure 5-42 


CHAIN 


CHAIN WRENCH 


Assembly Tools 


Smooth-jawed tools are used to tighten 
chrome-plated fasteners, water supply fit- 
tings, trap connections, and flush valves 
without marring the chrome plating. Smooth- 
jawed pliers, hex wrenches, and adjustable 
wrenches are used to make final connections 
to a fixture or appliance. See Figure 5-43. 

Smooth-jawed pliers are pliers used to 
tighten small chrome-plated nuts such 
as the nuts used for flush valves. A hex 
wrench is a smooth-jawed pipe wrench 
that provides a secure grip on hex nuts, 
square nuts, unions, and valve packing 
nuts. Hex wrenches are available as 
straight wrenches or offset wrenches. An 
adjustable wrench is a smooth-jawed, 
general-purpose wrench used for tight- 
ening fasteners. Adjustable wrenches are 
available in a variety of sizes from 6” to 
24”. A one-stop wrench is a wrench con- 
sisting of two wrenches in one. It provides 
the exact size wrench needed to install 
angle stops and compression couplings. 
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In addition to smooth-jawed tools, 
other common assembly tools are combi- 
nation wrenches, box end wrenches, and 
a set of socket wrenches and ratchet. Slot- 
ted and Phillips screwdrivers in several 
sizes are also necessary for tightening 
the various screws on faucets and other 
plumbing fixtures. 


e 


— 


Copper tube is used for water supply sys- 

tems and DWV systems. Many advantages 

and benefits are derived from the use of 

copper in plumbing systems: 

* Copper is lightweight, resulting in less 
transportation and handling costs. 


e Copper is biostatic; bacteria cannot 
grow on copper. 


* Copper is easily bent and formed, 
resulting in reduced installation cost. 


* Copper will not burn or support 


| combustion. 
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Figure 5-43. Smooth-jawed assembly 
tools are used to tighten chrome-plated 
fasteners, trap nuts, and flushometer 
valves to prevent damaging the chrome 
plating. 


Specialty assembly tools, such as basin, 
strap, basket strainer, and rim wrenches, 
are used to make final connections. See 
Figure 5-44. A basin wrench is a hand 
tool used to tighten water supply con- 
nections to the faucet behind fixtures 
and slip nuts on fixture traps in hard-to- 
reach areas. Basin wrenches are available 
with different jaw sizes to accept nuts 
from 3%” to 2”. A strap wrench is a hand 
tool used to tighten chrome-plated pipe 
and fittings so they will not be marred. 
Powdered rosin is sprinkled on the strap 


to improve the grip of the wrench on the 
smooth chrome surface. 

A basket strainer wrench is a hand tool 
used to tighten the nut that secures the 
kitchen sink basket strainer assembly to 
the sink. A rim wrench is a hand tool used 
to tighten the rim clamps that secure a 
kitchen sink or lavatory to the underside 
of a countertop. A rim wrench holds the 
rim clamp while it is being tightened to 
the countertop. A tubing bender is used 
to make offset bends in fixture supply 
tubing without kinking the tubing. Most 
tubing benders will bend 1⁄4”, 546”, and 
34” tubing. 


Cutting Tools 


Specialized tubing cutters, such as inter- 
nal tubing cutters and jab saws, are used 
to cut off excess pipe or bolts when in- 
stalling fixtures and appliances. Internal 
tubing cutters are used to cut off excess 
pipe stubbed through a floor for a water 
closet or shower below the level of the 
closet flange or the shower strainer. In- 
ternal cutters cut 11⁄2” to 4” copper tube 
or plastic pipe. A small internal tubing 
cutter is used to trim 1⁄2” and 3⁄4” copper 
or plastic water supply pipe. A jab saw 
or close-quarter saw is used to cut off 
materials that are not readily accessible 
such as pipe or floor-set water closet bolts 
after the closet has been tightened to the 
flange. See Figure 5-45. 


Serrated jaws of tools 
and equipment, such as 
pipe wrenches and pipe 
vises, are Cleaned using 


a wire brush. 
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In the tee-pulling process, a branch collar is extruded from the wall of copper tube. 
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TESTING TOOLS and vent piping is typically plugged with 
Pipe is tested for leaks after each phase of test plugs. After all caps and test plugs are 
a plumbing job is completed. To properly secured in position, the plumbing system 
test for leaks, all openings inthe plumbing |S subjected to an air or water test to ensure 
system must be plugged to prevent air or that the system is tight. 
water leaking during the test. Water sup- 
ply, gas, and air lines are usually capped —— 
or plugged with malleable iron, copper, CAm 
or plastic caps and/or plugs, depending During air testing, a uniform pressure 
on the pipe being tested. Sanitary waste E of 5 psi must be maintained for 15 min. 
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Close-Quarter Saws 
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Figure 5-45 


Figure 5-45. A close-quarter saw is used 
to cut off materials that are not readily ac- 
cessible. 


Mechanical and inflatable test plugs 
and caps prevent leakage during an air 
or water test. See Figure 5-46. A me- 
chanical test plug is a test device that is 
inserted into the end of a pipe and secured 
using mechanical means to prevent air 
or water leakage during an air or water 
test. Mechanical test plugs are secured 
in position with a hex or wing nut that 
is tightened against a flange. Some me- 
chanical test plugs are secured at the end 
of pipe; other test plugs fit inside a pipe. 

A test cap is a reinforced mechanical 


plug that seals over the outside end of 


plastic, steel, copper, and cast iron soil 
pipe. Test caps are typically secured in 
position with a stainless steel hose clamp. 

An inflatable test plug is a test plug 
that is inserted into pipe during an air 
or water test and secured in position 
by inflating the plug with air. Inflat- 
able test plugs are commonly used for 
underground sanitary drainage pipe that 
cannot be easily accessed or sealed with 
a mechanical test plug or cap. Inflatable 
test plugs are inflated with a hand pump 
or portable air tank. 

WARNING: Safety glasses and a 
protective helmet (hard hat) must be 
worn when conducting pressure tests. 
When pressurizing a piping system, do 


not stand in front of an opening sealed 
with a cap or test plug. A barrier should 
be erected to stop the cap or plug in the 
event of a blowout. 

During an air or water test, test plugs 
or caps are used to close and isolate a 
plumbing system. Air or water is then 
introduced into the system, the pressure 
is raised to a predetermined level, and 
the initial pressure reading is noted. Over 
time, the pressure difference in the sys- 
tem is noted. A large pressure difference 
indicates leaks in the plumbing system. 

A rough-in test on waste and vent piping 
is a basic air test that is completed using 
a test gauge assembly. A fest gauge as- 
sembly is a test device used to measure 
the pressure within waste and vent, 
water, gas, air, or other piping systems 
to ensure the system is maintaining the 
proper pressure. A test gauge assembly 1s 
constructed of a ball valve, reducing tee, 
two nipples, and a test gauge. See Figure 
5-47. A manometer is used when a final 
air test is required by local plumbing 
code. A manometer is a clear U-shaped 
tube partially filled with water that is 
used to measure pressure within a closed 
system. One end of the manometer tube is 
connected to the waste and vent system, 
which is plugged with test plugs after the 
fixtures are set. 


All piping systems must be tested and in- 
| ted according to the plumbing code 
used by the local jurisdiction. 


ry ae 


A test gauge is used to measure the pressure within a water piping system. 
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Figure 5-46. Mechanical Test Plugs and Caps 
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ELECTRICAL TEST 
EQUIPMENT 


Many plumbing installation operations VOLTMETER DESIGNED SPECIFICALLY 


require a plumber to work with or near TE Be oc M E 


energized electrical equipment. Te BOER Ales 
i He osi (UNDERGROUND OR OVERHEAD) 
instruments, such as voltmeters, voltage \ 
indicators, ammeters, and multimeters, 

TEST STICK. - 
can test the level and/or for the presence R ; x 


of electrical current and voltage. 


Voltage Test Instruments - Figure 5-48 


Voltmeters 


A voltmeter is a test instrument that 
measures voltage. Voltage is either di- 
rect current (DC) or alternating current 
(AC). Direct current (DC) is current that 
flows in one direction only. Alternating 
current (AC) is current that reverses its 
direction of flow at regular intervals. 
Standard voltmeters typically have VOLTMETER (FRONT) 
voltage measurement limits of 600 V 
or 1000 V. Standard voltmeters can be 
used to measure high voltages when a 
high-voltage accessory (test lead) for the 
specific meter is used. 

A voltage indicator is a test instrument 
that indicates the presence of voltage when 
the test tip touches, or is near, an energized 
conductor or metal part. The tip glows VOLTAGE 
and/or the device emits a sound when INDICATOR 
voltage is present at the test point. Voltage 
indicators are used to test receptacles and 
fuses/circuit breakers, to detect breaks in 
cables, and for other applications in which 
the presence of voltage must be detected. A 
See Figure 5-48. Voltage indicators are Bo Al 
available in various voltage ranges, from 
a few volts to hundreds of volts, and in the 
different voltage types (AC, DC, or AC/ 
DC) for testing various types of circuits. 


GROUNDING 
RROBE 


TEST LIGHT 


—7 VEST LEADS 


The main advantage of using clamp-on 
ammeters or DMMs with clamp-on cur- 


rent probe accessories is that current 
measurements can be taken without VOLTAGE TESTER 


opening a circuit and are commonly 


ror 


cases 


used to measure currents from I A or rr a Sees 
| less to 3000 A. Figure 5-48. Voltage test instruments include voltmeters, voltage 
Í indicators, test lights, and voltage testers. 
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Ammeters 


An ammeter is a test instrument that mea- 
sures the amount of current in an electrical 
circuit. Current is the flow of electrons 
moving through a conductor. Current is 
measured in amperes (A), which relates 
to the amount of electrons passing a given 
point per second. While a large amount of 
current is measured in amperes, a small 
amount of current is measured in mil- 
liamperes (mA) or microamperes (uA). 
Current flows through a closed circuit when 
a power source is connected to a load that 
uses electricity. 

Current measurements are used to deter- 
mine the amount of circuit loading or the 
condition of an electrical component (load). 
Every load, such as a light bulb, motor, 
heating element, or speaker, that converts 
electrical energy into some other form of 
energy, such as light, rotating motion, heat, 
or sound, uses current. The more electrical 
energy required, the higher the current us- 
age. Every time a load is switched on or a 
new load is added to a circuit, the power 
source must provide more current through 
the circuit for the new loads. Ammeters 
measure current with noncontact jaws. 
They also measure current when connected 
in line with the circuits. See Figure 5-49. 

Ammeters with open or clamp-on jaws 
measure current by detecting the strength of 
the magnetic field around a single conduc- 
tor. These ammeters do not need to touch 
the conductor to measure current. Small 
amounts of current can be measured using 
test leads that connect the ammeter in line 
with the circuit. In-line current measure- 
ments are more accurate, but they must be 
limited to circuits that can be easily opened 
and known to have currents less than 10 A. 

Ammeters are available for measuring 
AC only or for measuring both AC and DC. 
Typically, the first choice for measuring 
current in a circuit is a clamp-on ammeter 
or a multimeter with a clamp-on current 
probe accessory. In-line current measure- 
ments present a greater opportunity for 
electrical shock. WARNING: When a 
clamp-on ammeter cannot be used, or an 
in-line measurement is required, steps 
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must be taken to prevent possible injury 
to the electrician and/or damage to the test 
instrument and equipment. 


Milliamp Process Clamp Meters. A mil- 
liamp process clamp meter is a handheld 
battery-operated ammeter that takes cur- 
rent measurements in tight spaces without 
breaking an electrical circuit. Unlike 
conventional clamp meters (ammeters), 
a milliamp process clamp meter has a 
remote jaw that is connected to the main 
body with an extension cable. The remote 
jaw and extension cable allow it to be used 
to take measurements of typically 4 mA 
to 20 mA in tight or hard-to-reach spaces. 


Ammeters 


AMMETER 


POWER 
SOURCE 


MEASURING CURRENT 
WITH NONCONTACT JAWS 


POWER 
SOURCE 


MEASURING CURRENT IN-LINE 
WITH TEST LEADS 


= S 
Figure 5-49. Current measurements can 
be taken by ammeters with noncontact 
jaws or by opening the circuits to use 
ammeter test leads. 


Multimeters 


A multimeter is a test instrument used to 
measure two or more electrical quantities. 
A function switch is used to determine 
which electrical quantity is to be mea- 
sured. Most multimeters can measure AC 
and DC current, voltage, and resistance. 
Some can also measure frequency, tem- 
perature, continuity, and capacitance. To 
take a measurement, the function switch 
is set to the correct quantity, the test 
leads properly connected, and the correct 
scale used for accuracy. Setting the scale 
might require a range switch. Multimeter 
batteries must be in good condition, and 
the meter should be switched off after 
taking measurements in order to conserve 
battery life. 

Multimeters are available as digital 
multimeters (DMMs) or analog multi- 
meters. See Figure 5-50. A DMM has 
a digital display, which helps minimize 
human error when taking readings by dis- 
playing the exact values measured. DMMs 
are available with a wide assortment of 


Multimeters — 


functions and features. DMM types can 
be broadly classified as general-purpose, 
standard, or advanced DMMs. 

An analog multimeter indicates read- 
ings by the mechanical movement of a 
pointer across a scale. Analog meters 
typically require that the range be manu- 
ally selected. A mirror on the scale is 
used to help minimize parallax error. 
Parallax error is a measurement error 
caused by an improper viewing angle of 
the pointer slightly above a scale. When 
properly viewing the scale from directly 
above, the pointer hides its reflection in 
the mirror. If both the pointer and its 
reflection are visible, then the improper 
viewing angle may cause the user to 
misinterpret the reading. 

Analog multimeters have been largely 
replaced by DMMs. However, although 
a DMM offers greater precision by dis- 
playing numerical values, many users 
find that the movement of the pointer on 
an analog multimeter more effectively 
indicates trends. 


Figure 5-50 
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Figure 5-50. Multimeters are available as digital multimeters (DMMs) or analog multimeters. 
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GAS DETECTION 
EQUIPMENT 

For certain tasks, plumbers are required 
to work in confined spaces or with gas- 
fired appliances such as water heaters and 
boilers. The dangers in a confined space 
include elevated heat and cold levels, 
noise levels, toxic gas levels, combus- 
tible gas levels, and dust levels. When a 
plumber is required to work in a confined 
space or any area of concern, gas detec- 
tion equipment that can measure the 
environmental conditions in a confined 
space must be used. 

Gas detectors are available that mea- 
sure in parts per million (ppm) and dis- 
play the levels of gases with an LCD and 
alarms. Gas detectors are also available 
as single gas or multiple gas detectors. 
See Figure 5-51. Single gas detec- 
tors typically detect the more common 
gases that cause problems, such as car- 
bon monoxide. Carbon monoxide (CO) 
is a product of combustion, which is a 
deadly colorless, odorless gas. Modern 
gas detectors that measure three, four, 
or five gases are becoming more popular 
and can be found for use with uncommon 
gases. Gases that are typically measured 
include the following: 

* carbon monoxide (CO) 


e oxygen (O,) 

e hydrogen sulfide (H,S) 

e ammonia (NH,) 

e sulfur dioxide (SO,) 

e methane (CH,) 

e chlorine (CL) 

e nitrogen dioxide (NO,) 

* hydrogen cyanide (HCN) 


Propane is about 11⁄2 times heavier than 


air. If a leak in a propane fuel system oc- 
curs, the gas may sink into an enclosed 
area, Such as a basement, and pose an 
| explosion risk. 
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Equipment ee 
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COMBUSTIBLE GAS DETECTOR 


Figure 5-51. Gas detectors, such as 
carbon monoxide meters and combustible 
gas detectors, are used to measure the 
levels of dangerous gases. 


A carbon monoxide (CO) meter is a 
handheld test instrument that is used for 
the detection and measurement of car- 
bon monoxide levels in a specific area. 
Carbon monoxide is a common gas that 
is also one of the most dangerous gases 
because it gives no warning to its victims 
and is slightly lighter than air. In addition, 
carbon monoxide rises as it is warmed 
during combustion processes. How- 
ever, during hot, humid weather, carbon 
monoxide may remain almost stationary, 
resulting in areas of high concentration. 


The primary source of carbon monoxide 
is the incomplete combustion of carbon- 
based fuels such as gasoline, natural gas, 
oil, propane, coal, and wood. 

A combustible gas detector is a hand- 
held test instrument that is used to test 
for the presence of combustible gases 
such as methane, propane, and etha- 
nol. A combustible gas detector gives 
a visual, audible, or vibration alert 


when the presence of a combustible 
gas is detected. Natural gas, which is 
primarily composed of methane gas, is 
the most commonly used combustible 
gas in gas appliances. A buildup of 
natural gas is an explosion hazard. If 
the presence of natural gas is detected, 
local authorities, such as the fire de- 
partment and the gas utility, should be 
contacted immediately. 


REVIEW QUESTIONS 


1. List five basic tools that are commonly used by a plumber regardless of the type 


of pipe being installed. 


2. Why is copper pipe deburred or reamed after being cut? 


3. What is the amount of torque at which T-handle torque wrenches are set to 


release? 


. Explain how a chalk line is used. 


© © © N A A A 
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. Describe the purpose of a rim wrench. 


. Why should pipe be reamed before it is threaded? 
. Why is it necessary to deburr plastic pipe after it is cut with a saw? 
. What tool is used to tighten expanded PEX tubing? 


. List some smooth-jawed tools required to assemble chrome-plated fasteners. 


. What tool is used to make a copper press fitting joint? 
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Sisiiatiais, 


variety of pipe and fittings are 

used to construct the plumbing 

systems of a building. Proper 
joining procedures must be used to 
ensure leakproof joints. Water supply, 
drainage, waste, and vent pipes are 
typically concealed in wall partitions or 
under floors. When pipes are concealed 
in walls or under floors, improperly made 
joints that allow pipe contents to escape 
can result in property damage. 

A leaking joint on an underground sewer 
or drain allows sewage to enter the subsoil, 
causing possible contamination of the po- 
table water supply. A leaking joint on an 
underground soil or waste pipe may also 
allow soil and fine, fibrous tree roots to 
enter the system, causing stoppage of the 
pipe. When roots enter a plumbing system, 
they spread quickly and fill the inside of the 
pipe, causing a stoppage. A sewer or drain 
clogged with tree roots usually requires 
mechanical cleaning of the pipe. In situ- 
ations where roots have completely filled 
the pipe, the pipe may need to be dug up 
and replaced with a new section of pipe. 

Drainage and vent systems contain 
many noxious sewer gases, which are det- 
rimental to health if they are permitted to 
enter an occupied building. Joints in vent 
piping must be made properly to ensure 
that sewer gases do not enter a building. 
Plumbing codes require that drainage, 
waste, and vent piping be pressure-tested 
to ensure that they are leakproof. 

Water supply pipe joints must be made 
precisely since water supply piping is 
typically subjected to high pressure and 
pressure fluctuations. A large quantity of 


water can escape from a defective joint 
and cause property damage. 

In addition to properly joining pipe, the 
pipe must be properly installed and sup- 
ported to ensure that the pipe is leakproof. 
Plumbing codes typically specify how 
pipe must be installed. Always refer to 
the local plumbing codes regarding the 
types and spacing of pipe hangers and 
supports permitted in your area. 


PLASTIC PIPE JOINTS 


ABs: PVC, CEVC and PEX, and PE 
plastic pipe are most commonly used for 
plumbing and plumbing-related applica- 
tions. ABS, PVC, and CPVC plastic pipe 
and fittings are joined by solvent cement- 
ing. PEX plastic pipe and fittings are 
joined with insert fittings secured in place 
by the PEX tubing or with crimping rings, 
depending on the type of PEX being used. 
PE plastic pipe is joined with compression 
fittings, heat fusion, or electro fusion. 


Plastic pipe and fittings are manufac- 
tured from petroleum-based products 
such as oil, chemicals, and other natural 


| R 
| materials such as coal. 


i" 


Solvent-Cemented Joints 


Solvent cementing, or solvent welding, is 
the process in which plastic pipe and fit- 
tings are fused together by softening the 
adjoining surfaces with a chemical agent. 
The softened surfaces are forced together 
to form a solid joint that is as strong as 
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Plumbing codes specify 
the type of plastic piping 
that can be installed in 
a jurisdiction, how the 
piping is supported, and 
testing and inspection 
methods. 
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Personal protective equip- 
ment, including appro- 
priate eye, face, and skin 
protection, must be worn 
when working with prim- 
ers and solvent cements. 
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the pipe itself. The three factors required to 

achieve a watertight and airtight solvent- 

cemented joint include the following: 

e the appropriate primer and solvent for 
the type of plastic pipe being joined 


e a good interference fit 


e proper preparation and installation 
techniques 


Appropriate Primer and Solvent 
Cement. The appropriate primer and/ 
or solvent cement must be used for the 
type of plastic being joined. A primer is 
a chemical agent that cleans and softens 
the surface of plastic pipe and fittings 
and allows solvent cement to penetrate 
more effectively into the pipe. A solvent 
cement is achemical agent that penetrates 
and softens the surface of plastic pipe and 
fittings. The primer and solvent used to 
join plastic pipe are formulated specifi- 
cally for the type of plastic pipe being 
installed. Different plastics have differ- 
ent molecular structures, which require 
specific primers and solvents to penetrate 
properly; “universal” solvents should not 
be used to join plastic pipe and fittings. 

Considerations for the safe handling of 
solvent cements, primers, and cleaners 
include the following: 

e Avoid breathing of solvent cement va- 
pors. Proper ventilation of an enclosed 
space 1s required to maintain a safe 
level of vapor concentration. Select 
proper ventilation equipment based 
on the area (square footage) being 
ventilated and access to outside air. 


e Keep cleaners, primers, and solvent 
cements away from sources of igni- 
tion, sparks, heat, and open flame. 


* Keep containers of cleaners, primers, 
and solvent cements tightly closed 
when the product is not being used. 


* Properly dispose of all cloths used for 
cleaning excess solvent cement and primer. 


e Proper eye protection must be worn when 
applying cleaner, primer, and solvent 
cement to pipe joints. See Figure 6-1. 
If the possibility of splashing cleaner, 
primer, or solvent cement exists, 
chemical goggles or face shields 
should be worn. 
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e Avoid skin contact with cleaners, prim- 
ers, and solvent cements by wearing 
proper gloves impervious to solvents. 
The proper application tool, such as a 
brush, dauber, or roller, should be used 
when applying cleaners, primers, and 
solvent cements. 


Personal Protective 
Equipment z 


FACE SHIELD ~ 


= GOGGLES 


Xe BUTYL GLOVES 
Figure 6-1 


Figure 6-1. Personal protective equip- 
ment, including proper eye and skin pro- 
tection, must be worn when working with 
cleaners, primers, and solvent cements. 


Primers are required for PVC and 
CPVC plastic pipe and fittings. Primers 
typically contain a permanent dye or 
pigment that shows that a primer has 
been applied to the pipe and fittings. 
See Figure 6-2. Depending on the type 
of material and its porosity and the 
length of time the primer has set, it may 
be possible to remove or lighten stains 
caused by primer pigments or dyes. 
However, the stains cannot be fully 
removed. Primers are not required for 
ABS plastic pipe and fittings. However, 
the fitting and adjoining portion of pipe 
must be wiped clean prior to applying 
solvent cement. 

Solvent cements are required for all 
types of plastic pipe. Solvent cements 
should be applied when the surface tem- 
perature is 40°F to 100°F. However, a 
strong solvent-welded joint can be made 
at temperatures below freezing as long 


as the cement is fluid and cure times are 
extended. See Figure 6-3. A dauber is 
used to apply solvent cement for pipe up 
to 3” size. A brush or roller is used to ap- 
ply solvent cement to larger plastic pipe. 
The width of the brush or roller should 
be approximately one-half the pipe size. 


Primers r 


| =f so r 
PRIMER -z 
Figure 6-2 — 


Figure 6-2. Primers are required for 
PVC and CPVC plastic pipe and typically 
contain a permanent dye or pigment that 
shows that the primer has been applied 
to the pipe and fittings. 


Ye to 1% 


Good Interference Fit. Plastic pipe and fit- 
tings are manufactured to precise specifica- 
tions to ensure a proper interference fit. An 
interference fit is a fit in which the diameter 
of the internal member, such as plastic pipe, 
is slightly larger than the smallest diameter 
of the external member, such as a fitting. 
The inner walls of plastic fitting sockets are 
tapered so the pipe makes contact with the 
sides of the fitting before the pipe reaches 
the seat of the socket. 

Before applying primer or solvent ce- 
ment to plastic pipe and fittings, check 
for the proper interference fit—the pipe 
should fit only about halfway into the 
fitting socket. After application of the ap- 
propriate primer and/or solvent cement, 
the pipe is forced all the way into the fit- 
ting, creating a tight joint. See Figure 6-4. 


Proper Preparation and Installation. 
Proper preparation and installation tech- 
niques must be used to ensure watertight 
and airtight joints. See Figure 6-5. The 
proper procedure for preparing and in- 
stalling ABS and PVC drainage, waste, 
and vent systems and CPVC pressure 
systems is as follows: 
1. Cut pipe squarely using a chop saw, 
universal saw, or plastic pipe cutter. 
A square cut ensures that the pipe 
seats properly in the fitting. 
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During hot weather, 
plastic pipe will unseat 
itself from a fitting unless 
it is held in position until 
the solvent cement sets. 
Hold the pipe in position 


for 20 to 30 sec to prevent 


the pipe from unseating. 


Figure 6-3. Solvent ce- 
ment cure times will need 
to be adjusted, depending 
on outside temperature. 
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Plastic pipe must be cut 
squarely to ensure that 


it seats properly in the 


| fitting. 
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Figure 6-4. Solvent cement softens plas- 
tic pipe and fittings, ensuring a tight joint 
when the pipe is forced all the way into 
the fitting. 


2. Smooth the pipe ends using a pencil- or 
cone-type deburring tool for small- 
diameter pipe or a pocketknife or halt- 
round file for large-diameter pipe. 


3. Dry fit the joint to check for the proper 
interference fit. The pipe should be able 
to be inserted only about halfway into 
the fitting socket. Ensure that the pipe 
and fitting surfaces are clean and dry. 


4. For PVC and CPVC plastic pipe and 
fittings, apply the appropriate primer. 
Apply the primer first to the inside of 
the fitting, then to the outside of the 
pipe to the depth that will be seated 
in the fitting. Do not allow a puddle 
of primer to remain in the bottom of 
the fitting. Wait approximately 5 sec to 
15 sec before applying solvent cement, 
ensuring that primer is still wet. 


5. Apply solvent cement using a dauber, 
brush, roller, or other appropriate ap- 
plicator. First, apply a full, even coat 
of solvent cement to the inside of 
the fitting, ensuring that a puddle of 
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solvent does not remain in the bot- 
tom of the fitting. Applying too much 
solvent cement or leaving a puddle in 
the fitting results in flow restriction. 
Next, apply solvent cement to the 
pipe to the same depth as that of the 
primer. 


6. Fit and position the pipe and its 
fitting before the solvent cement 
evaporates, using enough force to 
ensure that the pipe end is fully 
inserted and seated properly in the 
fitting socket. Turn the pipe or fitting 
approximately one-quarter turn to 
ensure even distribution and absorp- 
tion of the solvent cement. Hold the 
joint firmly for 10 sec (longer in cold 
weather) to allow the solvent cement 
to start bonding the two surfaces. 
The interference fit will force the 
pipe out of the fitting if the joint is 
not held in position long enough. 


7. Check for the proper bead of solvent 
cement. The solvent cement bead 
should extend entirely around the 
joint. An incomplete bead indicates 
that the proper amount of solvent 
cement has not been used, result- 
ing in a joint that will leak. Disas- 
semble the joint while the plastic 
and solvent cement are soft, apply 
additional solvent cement, and reas- 
semble the joint. 


8. Wipe off excess cement using a cloth. 
If the bead looks complete, wipe off 
the excess cement with a clean rag, 
leaving an even fillet all the way 
around. 


PEX Insert Fittings 

PEX tubing 1s used for water service piping 
and cold and hot water distribution piping. 
The procedure used to join PEX tubing and 
fittings depends on the type of PEX tubing 
being installed. PEX tubing manufactured 
using the Engel process is expanded using 
an expander tool prior to joining with fit- 
tings. PEX tubing manufactured using 
the silane or radiation process is joined 
to fittings using compression sleeves. 
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Figure 6-5. The proper preparation and installation techniques must be used to ensure watertight and airtight 
solvent-cemented joints. 


Expanded PEX Tubing. PEX tubing tool and the fitting is inserted into the 
manufactured using the Engel process tubing. The tubing returns to its original 
has shape or thermal memory, meaning shape, securing the fitting in position. 
that the tubing returns to its original See Figure 6-6. The procedure for 
shape after being expanded. The tub- installing expanded PEX tubing and 
ing is expanded using an expander fittings is as follows: 
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Figure 6-6 


Installing Expanded PEX Tubing 
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Figure 6-6. An expander tool is used to expand the end of PEX tubing manufactured using the Engel process. 


i. Cut PEX tubing squarely using a 4. Place the free handle of the tool against 


ees 


— ratchet or scissors cutter. A square the hip, or grasp each handle with a 
Tubing runs that could cut ensures that the tubing end butts hand when necessary. Fully separate 
be pierced or penetrated properly against the fitting. Ensure the handles and bring them together. 
by drywall screws or that the tubing end and inside of the 


5. Partially withdraw the tool from the 
tubing, rotate the tool ¥s turn, and 


other fasteners should be 


ring are dry and free of oil or grease 
protected with steel plate 


so that the ring does not slide out of 


| protectors. er oe expand the bing again. Rapea this 
procedure until the PEX tubing and 
2. Slide the PEX ring over the tubing end ring are snug against the shoulder of 
and position the ring so that it extends the expansion head. It is necessary to 
over the tubing end no more than 1⁄6”. expand the tubing several times. 


Some PEX rings are available in red 
and blue to assist in identification of 
hot and cold water lines. 


6. Remove the tool immediately and slide 
the tubing over the fitting until the 
tubing makes contact with the fitting 


3. Separate the expander tool handles shoulder. Hold the fitting in position for 
and insert the expansion head into 2 to 3 sec until the tubing shrinks onto 
the tubing end until it stops. the fitting and holds the fitting securely. 
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Compression Sleeve PEX Tubing. PEX 
tubing manufactured using the silane or 
radiation process is joined using a com- 
pression sleeve. A compression sleeve 
is placed on the tubing, the ribbed: end 
of the fitting is inserted into the tubing, 
and a press tool is used to compress the 

sleeve onto the tubing. See Figure 6-7. 

The procedure for installing PEX tub- 

ing compression sleeves and fittings is 

as follows: 

1. Cut PEX tubing squarely using a 
scissors cutter. A square cut ensures 
that the tubing will fit properly into 
the sleeve. 


Slide the proper size compression sleeve 
fully over the end of the tubing. 


Insert the barbed end of the fitting into 
the end of the tubing until it butts up 
against the sleeve. Check the view hole 
in the compression sleeve to see that the 
tubing is inserted fully into the sleeve. 


Place the press tool over the press 
sleeve perpendicular to the tubing 
and close the tool jaws. Ratchet the 
tool handles until the tool releases at 
the proper compression force. 


Remove the press tool from the tubing. 
Check the crimp with a go/no-go gauge. 


Installing Compression PEX Tubing — 
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Vanguard Piping Systems, Inc 


Figure 6-7. A crimping tool is used to compress the sleeve on PEX tubing manufactured using the silane or 


radiation process. 
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Push-Type PEX Fittings. A push-type 
PEX fitting is a plumbing connection 
that uses an interlocking mechanism to 
connect to PEX tubing. See Figure 6-8. 
The tubing is inserted, or pushed, into the 
fitting and locked into place with a grab 
ring or fastening device that keeps the 
pipe from being backed-out or discon- 
nected. An O-ring or gasket is used to 
form a tight seal around the PEX tubing. 
Some push-type PEX fittings may also 
be used to connect PEX tubing to other 
piping materials such as copper or CVPC. 


Polyethylene Pipe Joints 


Polyethylene (PE) pipe is designed and 
certified for underground applications 
outside of buildings. PE is corrosion- 
proot and does not require cathodic pro- 
tection. PE pipe used for potable water, 
sewer gas, or fuel gas is typically joined 
with heat fusion, electrofusion, or me- 
chanical couplings specifically designed 
for use with PE pipe. 


O-RING PROTECTOR — 


RELEASE COLLAR 


| from 2 to 63” in diameter. 


Heat Fusion 

Heat fusion joints are commonly used 
when installing plastic pipe for under- 
ground water or gas mains and service 
lines. Heat fusion joints are made by 
heating mating surfaces to their fusion 
temperature using a specialized heat 
fusion machine, and then bringing the 
surfaces into contact with one another 
using pressure. When properly made, 
heat fusion joints should be as strong as 
or stronger than the pipe itself. Only the 
heating iron of the fusion machine should 
be used to heat the pipes, never a torch 
or open flame. 


— ii 


Solid wall PE pipes are produced by 
extrusion and available in sizes ranging 


“Figure 6-8 
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Figure 6-8. Push-type PEX fittings connect PEX tubing by using an internal interlocking mechanism. 
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Cold weather and wind could adversely 
affect the heat fusion process. Factors 
such as shielding, high temperatures, and 
Jong heating times must be considered 
under these conditions. Three common 
types of fusion techniques are used to 
join PE pipe. These three techniques are 
socket, butt, and sidewall fusion. See 
Figure 6-9. 


Socket Fusion. Socket fusion is the pro- 
cess of joining two pipes together by heat 
fusion using a socket. This technique first 
consists of simultaneously heating both 
the external surface of the pipe end and 
the internal surface of the socket until 
fusion temperature is reached. Next, the 
melt pattern is inspected. Finally, the pipe 
end is inserted into the socket and held 
in place until the joint cools. Mechanical 
equipment should be used for pipe sizes 
larger than 2’ in diameter to ensure high- 
quality fusion. 


Butt Fusion. Butt fusion is the process of 
joining two pipes by melting their ends 
together. This technique first consists 


Heat Fusion 


of heating the squared ends of match- 
ing surfaces by holding them against a 
heating plate until fusion temperature 
is reached. Then, the two softened ends 
are pushed against one another and held 
under pressure for the specified time to 
allow the joint to cool. The best results 
for butt fusion are obtained on heavy 
walled pipes. To ensure high-quality fu- 
sion, mechanical equipment should be 
used to make this type of joint. 


MOEIOY Manufacturing, Inc. 
PE pipe ends are prepared for heat fusion by squaring off the surfaces evenly. 


— Figure 6-9 
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Figure 6-9. The three techniques of heat fusion are socket, butt, and sidewall fusion. 
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Sidewall Fusion. Sidewall fusion is 
the process of attaching a saddle-type 
fitting to the external surface of a pipe 
using heat and pressure. This technique 
first consists of simultaneously heating 
both the external surface of the pipe and 
the matching surface of the saddle-type 
fitting until both surfaces reach fusion 
temperature. Next, the melt pattern is 
inspected. Finally, the fitting is placed 
on the heated section of the pipe and held 
in place under pressure for the specified 
time to allow it to cool. 


McElroy Manufacturing, Inc 


PE pipe ends are heated until they are soft. They are then held together 
under pressure until they join and the joint cools. 


Electrofusion —— 
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Electrofusion 

Electrofusion is the process of joining two 
pipes together using an internally heated 
coupling. Heat is created by electric cur- 
rent, which is applied to the conductive 
material in the fitting. See Figure 6-10. 
PE pipe-to-pipe connections made using 
the electrofusion process require the use 
of electrofusion couplings. Tapping tees 
and saddles may also be attached to PE 
pipe using electrofusion. 


Mechanical Couplings 

Mechanical couplings are used to join 
two ends of PE pipe together. These 
couplings provide a leakproof joint that 
also resists pressure. They also provide 
resistance to end loads and pullout in 
certain applications. The three types 
of mechanical couplings used to con- 
nect PE pipe include compression-type, 
stab-type, and bolt-type mechanical 
couplings. See Figure 6-11. 


noone 


PE fittings are generally produced by 

injection molding, available in sizes up 

to 12”, and fabricated from the sections 
| of pipe for larger sizes. 


Figure 6-10 
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Figure 6-10. Electrofusion is the process of joining two PE pipes together using an internally heated coupling. 
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Figure 6-11. Mechanical couplings joining two ends of PE pipe provide leakproof 
joints that also resist pressure. 
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Each type of mechanical coupling 
provides a water- or gas-tight seal but has 
different degrees of pullout resistance 
Compression-type mechanical couplings 
provide a seal and may offer restraint 
against pullout, depending on the design. 
Stab-type mechanical couplings provide 
a seal and some restraint against pull- 
out. Bolt-type mechanical couplings 
provide both a seal and full restraint 
against pullout. Mechanical couplings 
can be used to connect two PE pipes 
together or to connect a PE pipe to 
ductile iron, cast iron, or PVC pipe. 


Compression-Type Mechanical Cou- 
plings. Compression-type mechanical 
couplings for PE pipe come in many 
forms and materials. Generally, the 
components consist of a body, a threaded 
compression nut, an elastomer seal ring 
or O-ring, a stiffener, and sometimes a 
grip ring. When compressed, the seal and 
grip rings grip the outside of the pipe, 
ensuring a pressure-tight seal and, in 
some coupling designs, providing pullout 
resistance that exceeds the yield strength 
of the PE pipe. 


McElroy Manufacturing, Inc 
Socket fusion is used to connect PE pipes and fittings, creating a joint that is as 
strong as the pipe itself. 
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It is important that the inside of the 
pipe wall be supported by the stiffener 
under the seal ring and under the grip- 
ping ring, if incorporated in the design, 
to avoid deflection of the pipe. A lack of 
support could result in a loss of the seal 
or the gripping of the pipe for pullout re- 
sistance. This coupling style is normally 
used in service lines for gas or water 
pipe of size 2” IPS and smaller. Three 
categories of this type of joining device 
are available. 


Stab-Type Mechanical Couplings. 
Stab-type mechanical couplings are 
available in many styles, but they share 
a similar design. Internally, there are 
specially designed components, which 
include an elastomer seal, such as an 
O-ring, and a gripping device to affect 
pressure sealing and pullout resistance 
capabilities. Self-contained stiffeners 
are included in this design. With this 
style coupling, the operator prepares the 
pipe ends, marks the stab depth on the 
pipe, and stabs the pipe up to the depth 
specified for the fitting being used. These 
couplings are available in sizes from 1/2” 
CTS through 2”. 


Bolt-Type Mechanical Couplings. 
Bolt-type mechanical couplings for 
large-diameter pipes are available to join 
PE pipes or other types of pipe, such as 
PVC, steel, and cast iron in sizes 11/4” 
IPS and larger. As with compression-type 
mechanical couplings, these couplings 
operate on the general principle of com- 
pressing an elastomeric gasket around 
each pipe end to be joined to form a seal. 
When compressed against the outside 
of the pipe by tightening the bolts, the 
gasket produces a pressure seal. 


RET RENIN ETRE oes: 
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Each year, the PPI and ASTM improve 

their standards for the test methods of PE 

pipe and fittings. This ensures the con- 

tinual improvement of the performance 
y and safety record of the PE industry 


COPPER TUBE JOINTS 


Copper tube is joined using soldered 
or brazed joints, rolled groove joints, 
copper press joints, extruded tee joints, 
flared joints, and compression joints. 
Soldered joints are typically used on 
water supply piping. Brazed joints may 
be used on water supply piping, but 
are more commonly used on specialty 
installations such as high-temperature 
applications, medical gas piping, and 
natural gas supply piping. Rolled groove 
joints are used on 2”—6” copper water 
main pipes. Flared joints are typically 
used on underground water supply pip- 
ing. However, flared joints are used to 
join copper tube when it is not practi- 
cal to use heat to solder the joints and 
on joints that have to be disconnected 
periodically, such as joints to filters and 
pieces of equipment. Compression joints 
are most commonly used on water sup- 
ply piping to plumbing fixtures. 


Soldered Joints 


Solder joint copper fittings are available 
in pressure or DWV patterns. Pressure 
fittings are used for aboveground water 
supply applications with types K, L, and 
M drawn copper tube. DWV fittings are 
used for drain, waste, and venting ap- 
plications with types L, M, and DWV 
copper tube. Solder joints depend on 
capillary attraction to draw molten solder 
into the gap between the copper fitting 
and the copper tube. See Figure 6-12. 
Flux, which is applied prior to solder- 
ing, acts as a wetting agent and allows 
uniform spreading of the molten solder 
over the adjoining surfaces. 

Solder without a lead ingredient must 
be used for water supply applications. 
Amendments to the Safe Drinking Water 
Act and United States Code, Title 42, 
Chapter 6A, Subchapter XII, Safety of 
Public Water Systems, bans the use of 
solders and fluxes containing over 0.2% 
lead in potable water supply systems. 
Two types of solder available in wire 
form may be used on water supply pip- 
ing—95/5 and lead-free solder. 

95/5 solder is solder composed of 95% 
tin and 5% antimony and that has a higher 


soldering temperature, better strength, 
and higher electrical conductivity than 
common tin/lead solders. The pasty 
range of 95/5 solder is very small. Pasty 
range is the temperature range within 
which solder is neither completely solid 
nor completely liquid, and the working 
temperature range for a particular type of 
solder. The pasty range of 95/5 solder is 
12°F. See Figure 6-13. 
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Figure 6-12. Capillary attraction draws 
molten solder into the gap between the 
copper tube and fitting. 


A gap may exist between the tube and fit- 
tings when joining 144” and larger copper 
tube. The gap must be completely filled 
when soldering or the joint may leak. When 
it is within its pasty range, 95/5 solder is 
very thin and does not fill the gap very well. 
Lead-free solder is used to overcome the 
problems associated with the use of 95/5 
solder. Lead-free solder is solder composed 
of tin, copper, silver, bismuth, and selenium 
alloys that allow the solder to flow better 
than 95/5 solder. Lead-free solders melt at 
higher temperatures than 95/5 solder, have 
a wider pasty range, and are thicker in the 
molten state for filling the fitting gap. 


Soldered and brazed joints should be al- 

lowed to cool naturally since immersing 

or flooding with cold water may Stress or 

crack the joint. Remove excess flux with 
i a wet cloth. 


_ 


Regardless of the cop- 
per tube joining method, 
copper tube must be cut 
squarely and properly 


reamed to remove the bur. 


| on the inside of the tube. 


r 
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Solder Characteristics 
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Figure 6-13. The pasty range is the work- 
ing temperature range for a particular 
type of solder. 


Flux is a material used in soldering 
and brazing to prevent the formation or 
facilitate the removal of oxides or other 
undesirable substances from copper tube. 
Fluxes used for lead-free solders are mildly 
corrosive, petroleum-based pastes containing 
zinc and aluminum chlorides. Self-tinning 
flux is flux that contains a tinning agent 
and cleans, fluxes, and tins the surfaces of 
copper tube and fittings for a superior bond. 


Copper tube must be reamed using a reamer or deburring tool to remove 
the burr produced when it is cut. 
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The procedure for soldering copper 
tube and fittings is as follows: 


1. Cut the tube end squarely to the re- 
quired length using a tubing cutter or 
chop saw with an abrasive or carbide- 
tipped blade. See Figure 6-14. 


2. Ream the tube end with a deburring 
tool or reamer to remove the burrs 
remaining on the inside of the tube. 


3. Clean the tube end using abrasive 
cloth or a tube-cleaning brush to 
remove all impurities that would 
prevent solder adhesion. 


4. Clean the fitting socket using abra- 
sive cloth or a fitting brush. When us- 
ing abrasive cloth to clean the fitting 
socket, be sure to clean the bottom of 
the socket. 


5. Remove additional impurities on the 
copper tube by applying flux with a 
flux brush as soon as possible after 
cleaning. Use only enough flux to 
barely cover the surface. Excessive 
amounts of flux can cause corrosion 
and perforate the tube wall and/or 
fitting. When applying flux to the 
tube end and fitting, keep the flux 
container covered to prevent con- 
tamination. WARNING: Do not 
apply flux with fingers. Chemicals in 
the flux are harmful if carried to the 
eyes, mouth, or open cuts. Also,the 
oil from the skin could contaminate 
the jointing surfaces. 


6. Apply flux to the fitting socket. 


Copper tube, similar to all piping 
materials, expands and contracts with 
temperature changes. A 100° section 
of copper tube expands approximately 
11/3” when subject to a 100°F tempera- 


| ture change. 


Soldering 


Figure 6-14 
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Figure 6-14. Copper tube and fittings must be properly prepared and joined to ensure a leakproof joint. 
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When installing soldered 
fittings containing rubber 
or plastic components, 
such as a globe valve, 
disassemble the fitting 
to avoid damaging the 
components. 


— | ' 


Assemble the tube and fitting, ensur- 
ing that the tube end is properly seated 
against the base of the fitting socket. 
Slightly twist the tube as it is being 
inserted to ensure proper coverage of 
the flux. Remove excess flux using a 
cotton cloth. Support the tube and fit- 
ting to ensure adequate space around 
the circumference of the joint. 


8. Apply heat to the entire circumference 
of the copper tube, with the flame 
perpendicular to the tube. The amount 
of heat applied to the tube depends on 
the size of the tube and fitting. Avoid 
directly heating the top of the joint so 
the flux does not burn. When joining 
copper tube to valves, open the valve 
completely before applying heat and 
apply the heat primarily to the tube. 


9. Apply heat to the fitting socket, being 
careful not to overheat the fitting. 
Move the flame back and forth be- 
tween the fitting socket and tube a 
distance equal to the depth of the fit- 
ting socket. The proper temperature 
is attained when solder melts at the 
tube and fitting joint. CAUTION: 
Do not overheat the joint or apply the 
flame directly into the fitting socket. 


Before brazing, a tube cleaning brush 
should be used to clean the fittings. 


Sioux Chief Manufacturing Company. Inc 
Solder is added to a joint as the heat source is removed. 
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10. Remove the flame from the tube and 
fitting and feed solder to the joint 
at one or two points until a ring of 
solder appears around the end of the 
fitting. The proper amount of solder 
is approximately equal to the inside 
diameter of the fitting, for example, 
V2” of solder for a ¥2” fitting. For 
copper tube in the horizontal position, 
apply solder slightly off center at the 
bottom of the joint. 


11. Remove excess solder and flux with 
a cloth while the solder is still pasty, 
leaving a fillet around the end of the 
fitting. Allow the joint to cool natu- 
rally; cooling the joint by immersing 
in water may crack or stress the joint. 


Brazed Joints 


Brazed joints in copper tube are made 
by heating the joint at temperatures 
greater than 840°F (typically 1100°F 
to 1500°F) and adding brazing filler 
metal. Two classes of brazing filler metal 
are used to join copper tube—copper- 
phosphorus (BCuP) and silver (BAg). 
BCuP class filler metal contains copper 
and phosphorus; BAg class filler metal 
contains 5% to 15% silver. The classes 
differ in their fluxing, melting, and flow- 
ing characteristics; these characteristics 
must be considered when selecting the 
proper brazing filler metal for a par- 
ticular application. BCuP class brazing 
filler metals are used for general piping 
applications. BAg class brazing filler 
metals are primarily used for joining 
dissimilar metals. 

Brazing fluxes have a different com- 
position than soldering fluxes. Brazing 
fluxes are water-based, prevent forma- 
tion of oxides, and remove oxides or 
other undesirable substances from copper 
tube. In addition, brazing fluxes indicate 
copper tube temperature. Flux begins to 
bubble at 600°F to 800°F, melts at 800°F 
to 900°F, and becomes transparent and 
quiet at 1100°F. See Figure 6-15. 

WARNING: Brazing is dangerous as 
high temperatures are reached. Serious 
burns can result if safety procedures are 
ignored. 
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Figure 6-15. The proper brazing tem- 
perature is achieved when the fitting be- 
comes dull red or the flux becomes clear. 


Filler metal is added to a joint when the 
flux becomes clear. Fluxing of brazed cop- 
per tube joints should be done according 
to the filler metal manufacturer specifi- 
cations. Fluxing may be omitted when 
joining copper tube to wrought copper 
fittings using BCuP filler metals since 
these filler metals are self-fluxing on cop- 
per. However, fluxes are required for joining 
copper tube and cast bronze fittings. 

Brazing filler metal is available in rod 
and wire form. Brazing rods used for 
plumbing applications are approximately 
12” in diameter by 18” long and are coated 
with flux. Brazing filler metal is available 
in several silver, phosphorus, and copper 
alloys. The alloy type is marked with 
raised letters on the brazing rod. 

The procedure for brazing a copper tube 
joint is as follows: 

1. Cut the tube end squarely to the re- 
quired length using a tubing cutter 
or chop saw with a carbide tip blade. 
See Figure 6-16. 


Ream the tube end with a deburr- 
ing tool or reamer to remove the 
burrs remaining on the inside of 
the tube. 


Clean the tube end using abrasive 
cloth or a tube cleaning brush. 


Clean the fitting socket using abrasive 
cloth or a fitting brush. When using 
abrasive cloth to clean the fitting 
socket, be sure to clean the bottom of 
the socket. 


Remove additional impurities 
on the copper tube by applying 
flux with a flux brush as soon as 
possible after cleaning. Use only 
enough flux to barely coat the sur- 
face. Excessive amounts of flux 
can cause corrosion and perforate 
the tube wall and/or fitting. When 
applying flux to the tube end and 
fitting, keep the flux container 
covered to prevent contamination. 
WARNING: Do not apply flux 
with fingers. Chemicals in the flux 
are harmful if carried to the eyes, 
mouth, or open cuts. 


Apply flux to the fitting socket. 


Insert the tube into the fitting, en- 
suring that the tube end is properly 
seated against the base of the fitting 
socket. Slightly twist the tube as it 
is being inserted to ensure proper 
coverage of the flux. Remove excess 
flux using a cotton cloth. Support the 
tube and fitting to ensure adequate 
space around the circumference of 
the joint. 


Apply heat to the tube and fitting 
to be joined using a swirl combus- 
tion or oxyacetylene torch. Heat 
the copper tube before the fitting is 
heated, beginning approximately 1” 
from the edge of the fitting. Sweep 
the flame around the tube in short 
strokes perpendicular to the axis of 
the tube. Keep the flame in motion 
continuously and do not allow the 
flame to remain on any one point 
long enough to burn through the tube. 


— 


Brazed joints are formed 
by heating the joint at 
temperatures greater 
than 840°F and adding 


| filler metal. 
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Figure 6-16 
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Figure 6-16. In the brazing process, heat is applied to the joint and a filler metal is used to fill the gap between 
the fitting and tube. 
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When the tube is preheated, move the 
flame slowly back and forth between 
the fitting and the copper tube so 
they are both heated. Apply approxi- 
mately three times as much heat to 
the fitting as to the copper tube. 

When brazing 11⁄2” and smaller 
copper tube, move the torch around 
the entire joint to bring it up to 
brazing temperature at the same 
time. As heating progresses, touch 
the end of the filler rod to the joint 
periodically. The rod will melt when 
the proper temperature is attained. 
For larger diameter copper tube, 
a multiple-orifice torch tip or two 
torches are used to evenly distribute 
the heat across the surface. 


When the proper temperature is 
reached, apply brazing filler metal at 
one point along the end of the fitting. 
The filler metal will readily flow 
into the space between the copper 
tube and the fitting socket, drawn by 
capillary attraction. Move the torch 
around the fitting, directing most of 
the heat to the heel or bottom of the 
fitting socket. Feed the rod into the 
joint with light pressure immediately 
behind the flame. Do not direct the 
flame at the filler metal as it is fed 
into the joint. As the filler metal 
is fed into the joint, a continuous 
filler metal fillet is visible completely 
around the joint. Stop feeding the 
filler rod as soon as the fillet appears. 

On 2” and larger brazed joints, the 
torch should be moved across about 
2” of the circumference of the joint 
until the joint attains the proper tem- 
perature. The filler metal should be 
tested in that area until the rod melts. 
Then, move the torch and rod around 
the fitting until the joint is complete. 


Remove excess filler metal and flux 
with a cloth and brush or swab with 
warm water. Allow the joint to cool 
naturally; cooling the joint by im- 
mersing in water may crack or stress 
the joint. 


Copper Press Fitting Joints 


Copper press fittings are used for 
above-ground potable water supply 
piping. Copper press fittings are manu- 
factured with an ethylene propylene 
diene monomer (EPDM) O-ring seal 
contained within a recess in the fitting 
socket. The fitting is joined to the tube 
by a pressing tool that mechanically 
presses the fitting onto the tube. There 
are two different procedures used for 
press fitting joints—for 1⁄2” to 2” copper 
tube, and for 212” to 4” copper tube. 
The procedure for 2” to 2” copper 
tube is as follows: 
l. Cut the tube squarely to the proper 
length. See Figure 6-17. 


N 


Deburr the tube on the inside and 
outside. 


3. Check the EPDM seal to see that it 
is clean, fits properly in the fitting, 
and is not damaged. 


4. Slide the press fitting onto the tube 
end with a slight turn until it stops. 


5. Mark the tube at the end of the fitting. 


6. Install the proper size clamping jaw 
onto the pressing tool and push it 
into the tool, holding the locking 
pin until the jaw locks in place. 


Tube insulators may be installed where water supply pipe passes through 
floor plates or wall studs to prevent noise from vibration. 
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Figure 6-17 


Installing 12” to 2” Copper Press Fittings - 


DEBURR INSIDE AND OUTSIDE 
OF TUBE 


WHILE TURNING SLIGHTLY, SLIDE O MARK INSERTION DEPTH INSTALL PROPER SIZE JAW ONTO 
FITTING ONTO TUBE PRESSING TOOL 


D OPEN JAW AND PLACE OVER (8) START PRESSING PROCEDURE (9) OPEN JAW AND REMOVE TOOL 
TUBE AT RIGHT ANGLE 


Figure 6-17. Copper press fittings of “2” to 2” are installed without soldering by using a pressing tool to press 
the fittings together. 
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7. Open the clamping jaw and place over The procedure for 2⁄2” to 4” copper 
the fitting at a right angle to the tubing. tube is as follows: 


Check the mark on the tubing to ensure !. Cut the tube squarely to the proper 
the tubing is fully inserted into the fitting. length. See Figure 6-18. 

8. Press and hold the tool trigger to 2- Deburr the tube on the inside and 
start the pressing procedure. After outside. 
the pressing procedure is complete, 3. Check the EPDM seal and the stainless 
open the clamping jaw and remove steel grip ring to see that they are clean, 
the pressing tool. fit properly, and are not damaged. 


Installing 212” to 4” Copper Press Fittings £ 


Figure 6-18 


G) CUT TUBE SQUARELY DEBURR INSIDE CHECK SEAL AND MARK INSERTION DEPTH 
AND OUTSIDE OF GRIP RING ON TUBE 
TUBE 


(5) SLIDE FITTINGS ONTO PLACE PRESSING ENGAGE RING (8) COMPLETE PRESSING 
TUBE END RING OVER FITTING ACTUATOR INTO PROCEDURE 
SQUARELY CRIMP RING SOCKETS 


TUBE INSERTION DEPTH CHART 
Tube Sizes* Marking Length* 


2V2 21% 


3 2% 
4 21⁄2 


“in in. 


Figure 6-18. Copper press fittings of 2%” to 4” are installed without soldering by using a pressing tool and 
pressing ring to press the fittings together. 
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4. Mark the insertion depth on the tube. 


— . 

5. Slidethepressttting anloaiey ube The roll grooving process was developed 
end with a slight turn until it stops at in 1955. The roll grooving process, unlike 
the insertion depth mark. the cut grooving process, does not remove 

metal from the pipe. Carbon steel, stain- 

6. Open the pressing ring and place less steel, aluminum, and copper tube 


over the fitting at a right angle to the | are roll grooved using a similar process. 
tube. Check the mark on the tube to 
ensure the tube is fully inserted into 
the fitting. Rolled Groove Joints 


Copper rolled groove joints are used 


7. Open the ring pressing actuator on 


. . . 7 ‘ Jeo A 3 pia > 5 = 
the pressing tool and engage it into for aboveground potable water sup 


pressing ring pockets. ply piping. Manual or powered roller 
groovers form a groove with standard 
8. Press and hold the tool trigger to depth and width in the copper tube 
complete the pressing procedure. end for attachment of copper fittings. 
After the pressing procedure iscom- The depth, width, and location of the 
plete, open the actuator and remove groove must be accurate to ensure 


the pressing tool and pressing ring. a watertight joint. See Figure 6-19. 


Figure 6-19. The depth, Copper Rolled Groove Joint Specifications —— Figure 6-19 | m Figure 6-19 
width, and location of a —_— 


rolled groove must be 


tertight joint. SEAT 


accurate to ensure a wa- GASKET aene 
| WIDTH 


OUTSIDE 
DIAMETER 


GROOVE 
DIAMETER 


GROOVE 
DEPTH 


Nominal 
Copper Tube Outside | Gasket Groove Groove 
Size Diameter | Seat Width? Diameter 


0610 ‘ 0.048 


— 


0610 | 0.050 


0 610 0.050 
0.610 | ws 
0610 0.058 
0.610 0.063 
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No metal is removed from the tube; rather. 
the groove is formed by pressing a steel 
die into the copper tube wall and deform- 
ing the tube. 

The basic components of a copper rolled 
groove joint are the rolled groove near 
the end of the copper tube and a coupling 
composed of a two-piece housing, gasket, 
and bolts and nuts to secure the coupling 
in position. Rolled groove joint couplings 
for copper tube are copper-colored and are 


Roll Grooving: 


not interchangeable with galvanized steel 
pipe couplings. The procedure to form a 
rolled groove on copper tube is as follows: 
1. Cut the copper tube squarely and to 

the proper length. See Figure 6-20. 


2. Ream the tube end to remove the 
burrs remaining on the inside of the 
tube. Clean the inside and outside 
surfaces of the copper tube to remove 
dirt or debris on the tube. 


PIPE COPPER TUBE-\ REAMER 


_ MACHINE 


/~ TUBING 
¿CUTTER 


ti 


“~ HANDWHEEL 
(4) CUT TUBE SQUARELY 


SLIDE TUBE OVER LOWER ROLL 
AND ADJUST UPPER DIE 


FULL-DEPTH GROOVE ~ 


Se k; 


(2) REAM TUBE END 


6) DEPRESS SAFETY FOOT SWITCH 


g" 


as 


(7) CONTINUE GROOVING 8 ) REMOVE TUBE AND CHECK 


GROOVE DIAMETER 


GROOVE 


(6) BEGIN GROOVING 


-LOCKNUT 


(3) ADJUST GROOVE DEPTH 


SUPPER 


fa DE 


DIAMETER 


Figure 6-29. Copper rolled groove joints are used for aboveground potable water supply applications. 
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6. 


Adjust the groove depth on the roll 
grooving tool. The groove diameter 
stop will need to be readjusted for 
each change in copper tube type 
(type L or M) and for each copper 
tube size. Plug the power drive into 
a properly grounded electrical power 
supply. The power drive must be 
operated with a safety foot switch. 


Slide the copper tube over the lower 
roll until the tube end butts against the 
lower roll flange stop. Copper tube 
up to 36” long can be held manually 
in the tool; longer lengths must be 
aligned and supported with a pipe 
support. Adjust the upper die roller 
to bring the roller into light, but firm, 
contact with the copper tube. 


Depress the pipe machine safety foot 
switch to rotate the lower roll die. As 
the lower roll die rotates, the rotation 
is transferred to the tube and, in turn, 
to the upper roll. Short lengths of 
copper tube have a tendency to “walk 
out” of the die when roll grooving, 
causing the groove to be malformed. 
When grooving a short length of cop- 
per tube, pull the tube to the nght and 
downward with the left hand. Do not 
lift the tube or push it to the left, as 
the tube will not track properly in the 
rollers. Longer lengths of copper tube 
require less guidance to maintain an 
acceptable groove. 


Begin grooving the copper tube by 
slowly applying pressure to the upper 
die with the hydraulic pump or by tum- 
ing the feed screw clockwise while the 
copper tube is rotating at a moderate 
rate. Grooves should be formed in 5 to 
10 revolutions of the copper tube. 


Continue grooving until the groove 
depth stop comes to full, firm contact 
with the top of the machine body. 
Allow the tube to rotate for several 
more revolutions to ensure a complete 
groove. Release the safety foot switch 
and retract the upper roller die. 
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8. Remove the copper tube from the 
tool and carefully check the groove 
diameter using a pi tape. Pi tape is a 
measuring device commonly included 
with a roll grooving tool and that is 
wrapped around the circumference 
of a groove to accurately measure the 
groove diameter. See Figure 6-21. 


Pi Tapes 


Figure 6-21 


Figure 6-21. A pi tape is used to mea- 
sure the groove diameter of rolled 
groove pipe. 


Extruded-Tee Joints 

In the tee-pulling process, a branch col- 

lar, or tee, is extruded from the wall of 

copper tube using a drill fitted with a 

collaring head. A tube end notcher cuts a 

curved notch and produces two dimples 

simultaneously on the branch tube. The 
tee-pulling procedure is as follows: 

1. Locate the position of the tee on the 
main tube and drill a pilot hole using a 
collaring head. See Figure 6-22. The 
collaring head forming pins should be 
in the closed position. 


N 


Set the forming pins while the collaring 
head is inside the copper tube. 


3. With the support legs firmly braced 
against the copper tube, reverse the drill 
direction and slowly retract the collaring 
head from the tube while the head is 
rotating. A tee is formed as the collaring 
head is retracted from the tube. 


Tee Pulling — 


MAIN TUBE COLLARING FORMING 
[ HEAD PIN 


SUPPORT LEGS “FORMING PINS L INSIDE TUBE i 
EXTENDED WALL PARAPETE 
(1) LOCATE POSITION AND (2) SET FORMING PINS (3) RETRACT COLLARING HEAD 
DRILL PILOT HOLE 
-CURVED 


-BRANCH TUBE / NOTCH 


DIMPLES ALIGN WITH — LOWER DIMPLE 
MAIN TUBE AXIS RESTS ON TEE 
CUT CURVED NOTCH AND RAISE (5) INSERT BRANCH TUBE INTO TEE (6) BRAZE TEE JOINT 


DIMPLES IN BRANCH TUBE 


T-DRILL Industries. Inc. 


Figure 6-22. A branch tee is extruded from the wall of copper tube using a T-drill fitted with a collaring head. 


4. Cut the branch tube to the proper Flared Joints 
length and place one end inthe tube Flared joint fittings are used with types K, 
end notcher. Push down the handle L, and M annealed copper tube, and are typ- 
of the notcher to cut a curved ically used for underground water service 
notch and raise two dimples onthe applications. Impact or yoke-and-screw 
branch tube. flaring tools are used to flare copper tube. 
The procedure for producing a flared joint 
5. Insert the branch tube into the a. ee ie sD 
RA ; using an impact flaring tool is as follows: 
extruded tee, aligning the dimples 
with the axis of the main tube. The 
dimple closest to the curved notch 


should rest on the shoulder of the 


1. Cut the copper tube squarely to the 
proper length. See Figure 6-23. 


2. Ream the tube end using a deburring 
MNOS tool or reamer to remove the burrs 
6. Prepare and braze the tee joint. remaining on the inside of the tube. 
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Slip the coupling nut over the end of with the fitting threads and tighten the 
| the tube, ensuring that the nut threads nut against the fitting with two adjust- 
_ aad face the end of the tube being flared. able wrenches, one on the nut and one 
on the fitting. Do not overtighten the 


-~ 
Pipe lubricant may be 4. Insert the flaring tool into the tube couple nit 
T o a end. Ensure that the axis of the flar- 
Surface OF an tmpac ; F 4 z c : 

l ing tool is aligned with the axis of The procedure for producing a flared 


flaring tool to prevent the T A 
tool from becoming stuck joint using a yoke-and-screw flaring tool 


in the end of copper tube. 


the copper tube. 

is as follows: 

1. Cut the copper tube squarely to the 
proper length. See Figure 6-24. 


n 


Drive the flaring tool into the tube end 
using a hammer until the end of the 
tube is flush with the collar of the flar- 
ing tool. Typically, a few moderately 2. Ream the tube end to remove the burrs 


light strokes are required to achieve remaining on the inside of the tube us- 
the desired flare. ing a deburring tool or reamer. 


6. Assemble the flared joint by placing 3. Slip the coupling nut over the end of 
the fitting flush and squarely against the tube ensuring that the nut threads 
the flare. Engage the coupling nut face the end of the tube being flared. 


Impact Flaring ——— 


=== Figuro 6-23 


M TUBING CUTTER 


G) CUT TUBE SQUARELY (2) REAM TUBE END (3) SLIP COUPLING NUT OVER 
TUBE END 


- BALL PEEN HAMMER —FITTING 


FLARING / SHOULDER ADJUSTABLE , 
i2 WRENCH / 
(4) INSERT FLARING TOOL (5) DRIVE FLARING TOOL (6) ASSEMBLE FLARED JOINT 


Figure 6-23. An impact flaring tool can be used to flare types K and L copper tube. 
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Insert the copper tube into the flaring 
block with the end flush with the top 
surface and clamp tightly. 


Place the yoke of the flaring tool on 
the block so that the beveled end of 
the flare cone is directly over the 
tube end. 


Turn the hand screw to force the 
copper tube against the block and 
form a flare. Remove the tube from 
the flaring tool when the flaring 
operation is complete. 


Yoke-and-Screw Flaring - 


G) CUT TUBE SQUARELY 


FLARING BLOCK / 


INSERT TUBE INTO 
FLARING BLOCK 


(5) PLACE YOKE ON BLOCK (6) TURN HAND SCREW TO 6 


Appropriate precautions must be taken 
when installing copper tube for medical 
gas piping systems. All tube, fittings, 
valves, and other components must be 
thoroughly cleaned, and oil, grease, and 
other easily oxidized materials must be 
removed. Tube, fittings, and valves must 
be capped or plugged to prevent contami- 
nation. During brazing, the piping system 
must be purged with oil-free nitrogen gas. 
Purging must continue until the joint is 


| properly cooled. 


"Figure 6-24 


COUPLING 
NUT 


(2) REAM TUBE END SLIP COUPLING NUT OVER 
TUBE END 


YOKE 


FITTING 


ASSEMBLE FLARED 


FORM FLARE JOINT 


Figure 6-24. A yoke-and-screw flaring tool flares the end of copper tube to accept the end of the fitting. 
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Thread sealant should not be used when assembling flared joints. The use 
of thread sealant could prevent the fittings from adequately sealing. 


p 


When installing com- 
pression gaskets in cold 
climates, soften the gas- 
kets by immersing in 


warm water. 


Figure 6-25. Compres- 
sion joints consist of a 
compression fitting, com- 
pression ring, compres- 
sion nut, and copper tube 
being joined. 
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7. Assemble the flared joint by placing 
the fitting flush and squarely against 
the flare. Engage the coupling nut 
with the fitting threads and tighten 
the nut against the fitting with two 
adjustable wrenches, one on the nut 
and one on the fitting. Do not over- 
tighten the coupling nut. 


Compression Joints - 


COPPER TUBE =< 


>. 


SLIDE COMPRESSION 
NUT ONTO TUBE 
TIGHTEN 


COMPRESSION NUT ORN 


COPPER TUBE ~ 


COMPRESSION RING 
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Compression Joints 

Compression joint fittings are used on 
copper tube to make connections that 
may need to be disassembled. Compres- 
sion joint fittings are used with types 
K, L, and M annealed copper tube for 
aboveground applications. A compres- 
sion joint for copper tube consists of a 
compression joint fitting, compression 
ring, compression nut, and copper tube 
being joined. See Figure 6-25. The 
procedure for producing a compression 
joint for copper tube is as follows: 

1. Cut the copper tube squarely to the 

proper length. 


2. Ream the tube end using a deburring 
tool or reamer to remove the burrs 
remaining on the inside of the tube. 


3. Slide the compression nut over the 
end of the tube, ensuring that the nut 
threads face the end of the tube being 
joined. 


4. Slide the compression ring onto the 
tube. 


Figure 6-25 


a 4 ) SLIDE COMPRESSION RING 
| / ONTO TUBE 


(T) cuT TUBE SQUARELY 


SLIDE FITTING 
OVER TUBE END 


5. Slide the compression joint fitting 
over the tube end, butting the fitting 
against the compression ring. 


6. Tighten the compression nut onto the 
fitting with an adjustable wrench to 
compress the compression ring into 
the tube and seal the joint. 


CAST IRON SOIL 
PIPE JOINTS 


Cast iron soil pipe is available in no-hub 
and bell-and-spigot patterns. No-hub cast 
iron soil pipe is joined using a stainless steel 
clamp assembly surrounding a neoprene 


No-Hub Cast Ir 


? 


on Soil Pipe Joints = 


sleeve that seals the joint. Bell-and-spigot 
cast iron soil pipe joints are mechanical 
joints, made with molded neoprene com- 
pression gaskets. 


No-Hub Cast Iron 

Soil Pipe Joints 

No-hub cast iron soil pipe and fittings are 
used for above and below ground plumb- 
ing. The procedure for producing a no-hub 
cast iron soil pipe joint is as follows: 


I. Cut the soil pipe squarely to the 
proper length using a soil pipe cut- 
ter or a chop saw fitted with an 
abrasive blade. See Figure 6-26. 


“Figure 6-26 


SOIL PIPE 
CUTTER \ 


RIDGID” 
(1) CUT PIPE SQUARELY 


MOLDED 
SEPARATOR ~~ 


INSERT ENDS OF PIPE AND FITTING 5 


INTO GASKET 


(2) DETACH NEOPRENE SLEEVE 


NEOPRENE 
SLEEVE 


STAINLESS 
STEEL CLAMP 


SLIDE CLAMP ASSEMBLY ONTO 
PIPE OR FITTING 


_-— T-HANDLE 
me TORQUE WRENCH 


CENTER CLAMP ASSEMBLY OVER 
~~ SLEEVE AND TIGHTEN 


Figure 6-26. Lengths of no-hub cast iron soil pipe must be properly aligned and joined to create a leakproof joint. 


Chapter 6—Joining, Installing, and Supporting Pipe 


195 


pa me 


a 
To ensure proper waste 
flow through bell-and- 
spigot cast iron soil 
pipe, always place pipe 
and fittings so waste 
enters the bell and exits 

] the spigot end. 


N 


When using a pipe cutter, position 
the chain cutter squarely around the 
pipe to ensure a straight cut. Score the 
pipe by applying pressure to the chain 
to indent the pipe. Rotate the pipe or 
cutters a few degrees and apply quick 
final pressure to complete the cut. If 
the pipe is especially tough, score the 
pipe several times before making the 
final cut. If necessary, remove the 
ragged edges from the pipe using a 
rasp, ball peen hammer, or grinder. 

Remove the neoprene sleeve from 
the stainless steel clamp assembly. 


Slide the stainless steel clamp as- 
sembly onto either the pipe or fitting. 


Insert the ends of the pipe or fitting 
into the neoprene gasket until they 
butt against the molded separator ring 
inside the gasket. 


Center the stainless steel clamp as- 
sembly over the neoprene gasket and 
tighten the clamps with a T-handle 
torque wrench or other appropriate 
tool to a minimum of 60 in-lb of 
torque. For large-diameter clamp 
assemblies, tighten the inner clamps 
before the outer clamps. In all cases, 
alternately tighten the hex nuts to 
ensure that the clamp assembly is 
uniformly tightened. 


Rothenberger USA, Inc. 


Dies must be properly lubricated when threading steel pipe. 
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Bell-and-Spigot Cast Iron Soil 
Pipe Compression Gasket Joints 
Compression gaskets are made from neo- 
prene rubber. The procedure for making 
a compression gasket soil pipe joint is: 
1. Cut the soil pipe squarely to the proper 
length using a pipe cutter or a chop 
saw fitted with an abrasive blade. See 
Figure 6-27. If necessary, remove the 
ragged edges from the pipe using a 
rasp, ball peen hammer, or grinder. 
2. Clean the mating bell and spigot using 


a cloth so they are free from dirt, mud, 
gravel, or other foreign material. 


we) 


Insert the gasket into the cleaned bell 
by folding or bumping the gasket, 
depending on the pipe size. The flange 
that contains the identification infor- 
mation should remain exposed on the 
outside of the pipe. Folding the gasket 
is recommended for installing small- 
diameter gaskets. When folding the 
gasket, hold the gasket upright with 
thumbs at the bottom. Fold the bottom 
of the gasket through the top with the 
thumbs as if it were to be turned inside 
out. Place the gasket in the bell, ensur- 
ing that the gasket ring is in the hub 
groove. Release the gasket, allowing 
it to unfold into the pipe bell. When 
bumping the gasket, use the heel of the 
hand or a board to force the gasket into 
position. When bumping gaskets into 
fittings, force the gasket into position 
by striking the fitting against a board 
or floor. 


+. Lubricate the gasket by applying a 
smooth, thin coat of lubricant com- 
pletely around the gasket using a 
brush. Coat the entire circumference 
of the gasket, especially the inner seal. 
CAUTION: Do not overlubricate the 
gasket. 

5. Align the pipe so it is straight and 
assemble the pipe sections or pipe 
and fitting by inserting the spigot into 
the gasket and pushing or pulling the 


spigot through both gasket seals until 
the spigot bottoms out in the bell. 
When using a soil pipe assembly tool, 
place the yoke of the tool behind the 
soil pipe bell, allowing the tool jaws to 
slip over the barrel of the pipe. Push the 
jaws of the tool as far from the bell as 
possible. Then, pull the handle toward 
the bell to pull the spigot into the bell. 
Repeat this process until the spigot is 
through both seals of the gasket and 
bottoms out in the bell. 


ie L Sai A fitting can be connected to steel pipe with a gasket clamp and threaded pipe. 
Fittings are assembled using a soil pipe 


assembly tool or lead maul. When as- 

sembling fittings with a lead maul, force 

the fitting spigot partially through the first STEEL PIPE JOINTS 

gasket seal and hold it in alignment. Drive Steel pipe and fittings are used for water 
the spigot into the gasket using the maulby distribution, sanitary waste and vent, 
striking the fitting hard on the driving lug storm water drainage, and gas piping sys- 
or across the full bell. The lead will deform tems. Threaded or grooved joints are used 
without harming the fitting. to join black and galvanized steel pipe. 


Bell-and-Spigot Compression Gasket Joints = Figure 6-27 
HYDRAULIC 
CUTTER ~ m RASP 


GASKET 


BELL / 


Wheeler Mfg. Div. of Rex International U.S.A. Inc 


(4) CUT PIPE SQUARELY (2) CLEAN MATING BELL AND SPIGOT (3) INSERT GASKET INTO BELL 


SSO I See 
ey ees 
gr 


Wheeler Mfg. Div. of Rex International U.S.A. Inc 


(4) LUBRICATE GASKET (5) ALIGN AND ASSEMBLE PIPE 


Figure 6-27. Compression gaskets provide a leakproof joint between the bell and spigot. 
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Threaded pipe joints u 


Nee 


sed for gas supply piping must be connected using the 


proper thread sealant for the gas being supplied and type of piping material. 


Threaded Pipe Joints 

American standard taper pipe threads are 
used on steel pipe and fittings. The Ameri- 
can standard taper pipe thread, or NPT, is 
a standard pipe thread used for connecting 
water, gas, and steam pipes in which the 
adjoining sides of the threads are at a 60° 
angle to each other. The NPT is tapered 94” 
per foot of thread length so that the pipe 
and fittings will thread together, or make 
up, tightly to form a leakproof joint. See 
Figure 6-28. 

Malleable iron threaded fittings are 
tapped with female (internal) pipe threads 
when the fittings are manufactured. Male 
(external) pipe threads are cut at the ends 
of pipe to engage properly with the fitting 
threads. When engaging steel pipe and 
malleable iron threaded fittings, thread 
sealant is typically applied to the steel pipe 
threads. Thread sealant, or pipe dope, is 
material applied to male pipe threads to 
lubricate the threads during installation 
and to ensure a watertight joint. Thread seal- 
ant is available as a liquid or Teflon® tape. 

The procedure for cutting external threads 
and making up a threaded pipe joint is: 

I. Properly secure the pipe in a pipe vise 
or pipe machine and cut the pipe to 
the required length using a pipe cutter. 
See Figure 6-29. 
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ta 


Ream the pipe to remove the burr on 
the inside of the pipe using a pipe 
reamer or half-round file, depending 
on the pipe size. 


3. Thread the pipe to the proper length 
using a pipe threader while adequately 
Jubricating the die. 


4. Remove the pipe from the pipe ma- 
chine or remove the pipe threader 
from the pipe and wipe the threads 
and pipe insides clean using a cloth. 


5. Apply thread sealant to the male 
threads. 


6. Start the fitting onto the pipe thread 
by hand, turning the fitting two and 
one-half to three rotations. 


7. Tighten the fitting with a pipe wrench 
approximately two rotations. Do not 
overtighten the fitting. 


The first steel water distribution pipe 
was installed more than 135 years ago 
and supplied water to San Francisco. 
The unlined, uncoated, and unwrapped 
5-mile section of steel pipe was the first 
of millions of miles of steel pipe installed 
to create the infrastructure of the water, 
chemical, and petrochemical distribution 
systems in the United States. 


INSTALLING AND 
SUPPORTING PIPE 


Pipe must be properly installed and sup- 
ported to prevent it from sagging at the 
joints. Sagging joints may result in piping 
leakage, or breakage between the joints 
due to stress. In addition, improperly 
installed and supported drainage piping 
can sag or shift from its proper grade, 
resulting in liquid and solid waste being 
trapped in the pipe. Eventually, trapped 
liquid and solid waste may cause stop- 
page of flow through the pipe. 


American St 


Threads 
Per Inch 


Nominai 
Pipe Size* 


andard Taper Pipe Threads - 


| Approximate 
Thread Length* 


Figure 6-28 


DIE LEAD 


E INCOMPLETE 
THREADS DUE TO 


Approximate 
Number of 
Threads 


Approximate 
Total Thread 
Makeup* 


* inin. 


Underground Pipe Installation 


Underground pipe is used to connect the 
drainage and waste system of a building to 
the sanitary or storm sewer. Cast iron soil 
pipe, ABS, and PVC are commonly used 
for underground drainage and waste pipe. 


Underground Drainage and Waste 
Pipe. Due to the pipe size used for build- 
ing drains and building sewers, a wide 


trench is dug using a backhoe or other 
excavating equipment to accommodate 
the pipe and workers installing the pipe. 
Temporary wood or metal shoring or 
shielding supports the soil or nearby 
equipment to protect workers and equip- 
ment in the trench. When the trench is 
safe to be entered, the proper procedure 
for installing underground drainage and 
waste pipe is as follows: 
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Figure 6-28. NPT are 
tapered %” per foot of 
thread length so that the 
pipe and fittings will make 
up tightly to form a leak- 
proof joint. 
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——— 


Apply anti-seize com- 


pound to stainless steel 


housing bolts to prevent 


galling. 


Prepare the trench bottom for the 
pipe. The trench bottom should be 
stable and relatively smooth so that 
the pipe lays on a flat surface free 
from large clumps of dirt and rocks. 
In addition, the trench bottom must 
be properly graded so wastewater 
and waterborne waste drains by grav- 
ity. Soil conditions such as rocky soil 
may require excavation deeper than 
otherwise needed. Bedding material 


is then placed in the bottom of the ` 


> 


a 


trench and tamped to provide a stable 
and smooth bottom. 


Carefully lower the pipe into the trench 
using a sling and hoist, and place it in 
its approximate final position. 


Dig holes under each coupling, bell, 
or joint so the pipe firmly rests on 
its barrel. See Figure 6-30. Check 
the drainage pipe for the proper 
grade. If necessary, lower the pipe 
by removing material under the pipe. 


=Figure 6-29 


PIPE 
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(1) CUT PIPE SQUARELY 
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(2) REAM PIPE END 
= 


rm THREAD 
l SEALANT 


6) APPLY THREAD SEALANT 


PIPE WRENCH 


(7) TIGHTEN FITTING WITH PIPE WRENCH 
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(6) START FITTING BY HAND 


Rothenberger USA, Inc. 


re 6-29. Male (external) pipe threads are cut at the ends of pipe to engage properly with the fitting threads. 


Raise the pipe by adding bedding 
material under the pipe. Do not use 
scrap lumber or other biodegradable 
material to block up the pipe. Make 
the joint after the pipe is properly 
aligned and graded. 


Before covering the pipe with back- 
fill material, have the pipe and cor- 
rections tested and inspected by the 
proper authorities. 


Begin backfilling the trench by hand, 
tamping the backfill around the pipe 
to fill voids under and around the 
pipe so the pipe does not act as a 
beam holding up the weight of the 
backfill being used to fill the trench. 
See Figure 6-31. 


Continue backfilling and tamping the 
trench by hand in stages using back- 
fill material. First, backfill and tamp 
to the centerline of the pipe. Next, 
cover the pipe with approximately 1’ 
of backfill material and tamp. Then, 
fill and tamp the remainder of the 
trench with excavated material using 
power equipment. 


Proper Pipe Burial 


N 
\ BEDDING MATERIAL 


| the tube to protect it. 


Type K or L copper tube should be used 
when the tube extends under or through 
concrete. Concrete causes a caustic reac- 
tion when in direct contact with copper, 
damaging the copper tube. In addition, 
copper tube may vibrate during use, wear- 
ing a hole in the tube by rubbing against 
the rough concrete surface. Where copper 
tube comes into contact with concrete, an 
insulating sleeve should be placed around 


Figure 6-30 


4 sti 
~L COUPLING OR BELL HOLES 


Sioux Chief Manufacturing Company, Inc 


A trapeze hanger supports several pipes simultaneously. 


et 


Figure 6-30. Dig holes un- 
der underground drainage 
and waste pipe couplings, 
bells, or joints so pipe 
firmly rests on its barrel. 
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Figure 6-31. Proper back- Backfilling — Figure 6-31 


filling procedures ensure = _ 
that underground pipe — 


remains in position. 


\ s - ii 
PLACE BEDDING ~— PLACE MATERIAL TO “HOLES FOR COUPLINGS 
MATERIAL UNDER PIPE CENTERLINE OF PIPE AND TAMP OR BELLS FILLED 
FIRST STAGE 


v COVER PIPE WITH 1’ OF 
PACKFILL MATERIAL AND TAMP 


SECOND STAGE 


FILL REMAINDER OF 
THIRD STAGE TRENCH AND TAMP 


Hanging and Supporting 


Aboveground Pipe 
In 2009, the United States consumed 1.6 Aboveground pipe must be properly 
million tons of copper. Approximately 


35% of that came from recovered scrap. go o E T ES Pe 
The United States exported 624,000  °*ly aligned and to prevent it from 
tons of scrap for processing. Copper is sagging and leaking. A variety of pipe 
generally used in its pure form, so recy- hangers and supports are available for 
Iced copper costs about 90% as much aboveground pipe, and should be selected 
as newly refined copper. Only 15% of based on the size and weight of the pip- 
the energy required to process mined ing material, position in which the pipe 
and refined copper is used to process must be supported, and the material to 


| rec pelea KONDEN which the hanger or support is anchored. 
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Plumbing codes typically specify how 
pipe must be hung and supported. Always 
refer to the local plumbing codes regard- 
ing the types and spacing of pipe hangers 
and supports permitted. 

Pipe hangers and supports are anchored 
to structural components of a building, such 
as a beam, stud, or joist, to ensure proper 
stability, support, and alignment of pipe. 
In concrete or masonry construction, an- 
chors provide an attachment point for pipe 
hangers and supports. The proper size hole 
must be drilled and waste removed using 
air and water prior to inserting the anchor 
and tightening the nut. A washer should 
always be used when attaching pipe hang- 
ers and supports. 

For heavy commercial applications, in- 
serts are embedded in concrefe structural 
members. In wood-frame construction, nails 
and screws are typically used to secure 
pipe anchors and supports to structural 
components. Hollow wall anchors, such as 
toggles, expansion bolts, and plastic inserts, 
are used to attach pipe hangers and supports 
to hollow walls if framing members cannot 
be accessed. In steel-frame construction, 
angle iron or steel channels are welded or 
bolted to steel framing members, or clamps 
are used to fasten pipe hangers or supports 
to the framing members. See Figure 6-32. 

Brackets are used to support horizontal 
and vertical pipes, and are attached to 
wood and metal framing members and 
adjacent pipes. Brackets for wood-frame 
construction are attached with nails; 
brackets for metal-frame construction are 
screwed to framing members. Many brack- 
ets have holes specifically placed on the face 
to provide proper spacing of water supply 
pipe stub-out for sinks, water closets, and 
other fixtures. Other brackets provide holes 
for fastening eared straps used to position 
stub-out elbows. See Figure 6-33. Brackets 
are attached to other adjacent pipes using a 
stainless steel band. In some applications, a 
vibration-dampening pad is placed between 
the bracket and pipe. 

Pipe and its supporting hangers should be 
one compatible system. If the supports are 
of a different material than the pipe, care 
should be taken to isolate the pipe from 


incompatible materials. Otherwise, corro- 
sion may occur and cause pipe failure. Isola- 
tion techniques may be as simple as taping 
the pipe with 10 mil or 20 mil thick black 
tape or using an isolating hanger. Approved 
factory-wrapped piping may be required by 
local building codes or specifications. 

Consideration should also be given to 
the expansion and contraction of piping. 
Whenever insulation is applied, the type and 
thickness of the insulating material must be 
considered. The size of the hanger must be 
increased if the pipe is insulated, and the 
hangers are to be placed externally over the 
insulation. Also, there must be sufficient 
space for installers to apply and repair 
the insulation. 


Supporting Vertical Pipe 

Vertical pipe must be properly supported at 

close intervals to maintain alignment of the 

pipe. Riser clamps, pipe straps, and exten- 
sion split pipe clamps are commonly used 

to support vertical pipe. See Figure 6-34. A 

riser clamp is a two-piece pipe clamp used 

to support vertical runs of steel pipe, cast 
iron pipe, and copper tube. Riser clamps 
wrap around the pipe and are installed 
above a floor, allowing the pipe weight to 
bear on the floor. A pipe strap is a one-piece 
pipe clamp secured to a stud with nails or 
screws. An extension split pipe clamp is a 
hinged pipe clamp secured to a structural 
component with a threaded hanger rod. The 
hanger rod is threaded into a wall plate at- 
tached to the structural component. 
General guidelines for the spacing of 
vertical pipe supports are as follows: 

e ABS, PVC, and CPVC (1'4” size and 
smaller) pipe and tubing: Support 
exposed pipe at 4’ intervals. Support 
concealed pipe at each story. 


e ABS, PVC, and CPVC (2” size and 
larger) pipe: Support at each story. 


e PEX tubing: Support every 4’ to 5’ 
vertically, at each story, and with a 
mid-story guide. 


e Copper tube: Support at each story in 
height. 


e Bell-and-spigot and no-hub cast iron 
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Figure 6-32. Pipe hang- 
ers and supports are 
anchored to structural 
members, such as beams, 
studs, or joists, to ensure 
proper Stability, support, 
and alignment of pipe. 


m] 


awe 
When supporting hori- 
zontal pipe, install pipe 
supports at each end of 
a run and then install 
intermediate supports per 
| the local plumbing code. 


Anchors and Accessories 
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HOLLOW WALL AND HOLLOW MASONRY 


THREADED 


ROD 
THREADED 
ROD 
Wall/Ceiling Flange 
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ANCHORING ACCESSORIES 


soil pipe: Support at the base, ateach of the pipe and to prevent the pipe from 
story in height, and at 5’ intervals ex- sagging. See Figure 6-35. The horizontal 
cept where 10’ pipe lengths are used. pipe support is selected based on the type 
of piping material, the material to which the 
support is attached, and the weight of the 
pipe contents. Lightweight, small-diameter 
steel, cast iron, and copper pipe and tube 
are supported horizontally in a wood-frame 
Horizontal pipe must be properly support- structure using pipe hooks, talons, and 
ed at close intervals to maintain alignment perforated strap iron. 


* Threaded steel pipe: Support at every 
other story in height. 


Supporting Horizontal Pipe 
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Support Brackets "Figure 633 Figure 6-33. Brackets are 
used to support horizontal 
and vertical pipes, and 

~ BRACKET — STUD are attached to wood and 


metal framing members 


.— EARED STRAP and adjacent pipes. 


~ STUB-OUT ELBOW 
SOLDERED TO 
EARED STRAP 


WOOD-FRAME CONSTRUCTION 


W 


© — FLUSHOMETER 
STUB-OUT 


` METAL STUD 


METAL-FRAME CONSTRUCTION 


VIBRATION-DAMPENING PAD — 


STAINLESS STEEL 
BAND — 


BRACKET—~ 


7— PIPE STRAP 


Hubbard Enterprises 


ADJACENT PIPES 


A pipe hook, such as a U-hook or J- 
hook, is a one-piece plastic or steel pipe 
hanger secured to horizontal structural 
components using nails or screws. A talon 
is a pipe hanger that grasps pipe but al- 
lows for thermal expansion of the pipe. 
Perforated strap iron is %4” strap iron with 
punched holes along its length that is used 
to support horizontal pipe runs between 
joists. In addition, pipe straps are used to 
support horizontal metal pipe and tube. 

Plastic hangers and hooks are typically 
used to support small-diameter horizontal 
plastic pipe in wood-frame structures. A 
J-hanger is a plastic pipe hanger with an 
integral lug which assists in retaining the 


pipe in the hanger. The main strut contains 
a series of holes so the J-hanger can be 
adjusted to the proper elevation. J-hangers 
are available for single or multiple pipes. A 
wraparound clamp 1s a plastic pipe hanger 
that fully encompasses the circumference 
of the plastic pipe. Wraparound clamps are 
attached to a wood-frame structure with 
ring-shank nails. A J-hook is a plastic pipe 
hanger that encompasses only a portion 
of the circumference and is driven in at an 
angle to trap the pipe between the wood 
structural member and the J-hook. Pipe 
hooks and talons are also used to support 
small-diameter horizontal plastic pipe in a 
wood-frame structure. 
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Large-diameter pipe and heavier pipe Supporting Vertical Pipe —— 
are supported horizontally using clevis ————— 
hangers and trapeze hangers. A clevis 
hanger is a pipe hanger used to support 
horizontal pipe and that consists of a 
suspended U-shaped bracket with holes 
in the upper ends to receive a pin and an 
inverted bracket. The inverted bracket is 
threaded to engage with a threaded hanger 
rod. A trapeze hanger is a pipe hanger 
used to support multiple horizontal pipes; it 
consists of a channel bracket on which the 
pipes rest and straps that secure the pipes 
in position. Trapeze hangers are suspended 
from two or more threaded hanger rods. 

General guidelines for spacing of hori- 
zontal pipe supports are: 

e ABS, PVC, CPVC pipe or tubing: Sup- 
port at 32” intervals, except where pipe 
conveys hot water waste. Plastic pipe 
conveying hot water waste must be 
supported on continuous wood strips 
or angle iron for its entire length. See 
Figure 6-36. 


* Copper tube (11⁄4” size and smaller): 
Support at 6’ intervals. 


e Copper tube (142” size and larger): 
Support at 10’ intervals. 


EXTENSION SPLIT PIPE CLAMP 
Figure 6-34 ——— | 


Figure 6-34. Riser clamps, pipe straps, 
and extension split pipe clamps maintain 
alignment of vertical pipe. 


To aid a plumber in the installation of 
pipe hangers and pipe supports, most 
plumbing codes specify exactly how pipe 
must be supported. By following the local 


t KE b 2 plumbing code for hanging and support- 

j ~ N -Y x ad » ing pipe, a plumber will ensure that the 

i ce ry oe ie foe installed pipe remains in alignment and 
- ae —— that the joints will not leak because the 


Grooved steel pipe and fittings are connected using gaskets and housings. | pipe has sagged. 
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Supporting Horizontal Pipe = "Figure 6-35 
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Sioux Chief Manufacturing Company, Inc 


Figure 6-35. A variety of hangers, clamps, and hooks are available to support horizontal pipe. 
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e No-hub cast iron soil pipe: Support 


at every other joint, except where the 
developed length between hangers 
exceeds 4’, in which case hangers must 
be provided at each joint. Hangers must 
be placed adjacent to no-hub couplings. 
See Figure 6-37. No-hub couplings are 
not designed to support the weight of 
pipe. Where cast iron soil pipe is sus- 
pended more than 18” from a ceiling 
using nonrigid hangers, sway bracing 
must be used to prevent horizontal 
movement of the pipe. See Figure 6-38. 


Figure 6-37. Hangers 
must be placed adjacent 
to no-hub couplings. 
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Heavy pipe is supported horizontally with clevis hangers. 


Plastic Pipe Conveying 
Hot Water Waste 
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Figure 6-36 


Figure 6-36. Plastic pipe conveying hot 
water waste must be supported on con- 
tinuous wood strips or angle iron for its 
entire length. 


e Bell-and-spigot cast iron soil pipe: 
Support at S’ intervals, except where 
10’ lengths of cast iron soil pipe are 
installed. In addition, bell-and-spigot 
cast iron soil pipe must be supported 
on each side of the bell so that the 
compression gasket does not bear the 
weight of the pipe. 


e Steel pipe (1° size and smaller): Sup- 
port at 6’ intervals. 


e Steel pipe (114” size and larger): Sup- 
port at 10’ intervals. 


Hangers for No-Hub Couplings ee reas 63? 
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“CONCRETE 
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D 
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Figure 6-38. Sway brac- 
ing is used when cast iron 
soil pipe is suspended 
more than 18’ from a ceil- 
ing using nonrigid hangers. 


"Figure 6-38 
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Supporting Changes 

in Direction 

Changes in direction, such as closet bends 
and stack bases, must be properly sup- 
ported to prevent movement of the piping. 
In addition, small-diameter flexible plas- 
tic tubing must be properly supported so 
it does not kink and obstruct water flow. 


Closet Bend and Stack Base Supports. 
Closet bends joined to a cast iron or 
plastic stack must be properly sup- 
ported horizontally and vertically to 
prevent movement in either direction. See 
Figure 6-39. 

Stacks must be properly supported at 
their bases. For underground stack bases, 


a brick, solid concrete block, or concrete 
support must be placed under the fitting 
at the base of the stack. For aboveground 
stack bases, a pipe hanger, such as a 
trapeze or clevis hanger, is placed on the 
base fitting or as close to the fitting as 
possible. See Figure 6-40. In addition, 
a riser clamp is installed above the floor 
to carry the stack weight. 


One gallon of water weighs 8.33 lb. A 
10’ section of 2” water distribution pipe 
contains 1.63 gal. of water and weighs 


| over 33,5) [ID 
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Figure 6-39. Closet 
bends must be properly 
supported horizontally 
and vertically to prevent 
movement. 


Closet Bend Supports - 
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Figure 6-39 
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Vanguard Piping Systems, Inc. 
Stub-out elbows are attached to studs using nails or screws. 
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Small-Diameter Flexible Plastic Tub- 
ing Supports. Small-diameter flexible 
plastic tubing must be properly supported 
to prevent kinking of the tubing and abra- 
sion of the tubing where it rests against a 
harder material. A bend support is a metal 
or reinforced plastic device that encloses 
a section of PEX tubing and provides 
rigid 90° bends. A drop ear bend support 
is a metal or reinforced plastic device 
that encloses a section of PEX tubing 
and provides a nailing plate for stub-out 
applications. See Figure 6-41. 


Figure 6-40. Stacks must 
be properly supported at 
their bases. 
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REVIEW QUESTIONS 


. What problems may result from leaking joints in a residential piping system? 


. Both sanitation and maintenance problems occur when underground drainage 


piping leaks. What are these problems? How are they prevented? 


. Describe two main types of soil pipe joints. 

. When cast iron soil pipe is cut to length, how must it be prepared for joining? 
. Explain how underground and above ground stack bases may be supported. 
«© What special characteristics do all pipe threads have? 

. Why must a pipe be reamed before it is threaded? 

. Name and describe the five joint types used with copper tube. 

. Name four ways to join plastic pipe. 


. List three problems that result from faulty support of piping. 


PLUMBING DESIGN AND INSTALLATION 


anitary drainage piping conveys 

wastewater and waterborne waste 

from the plumbing fixtures and ap- 
pliances to the sanitary sewer. Vent piping 
provides circulation of air to or from a 
sanitary drainage system and also provides 
air circulation within the sanitary drainage 
piping to protect trap seals from siphonage 
or back pressure. Stormwater drainage pip- 
ing conveys rainwater or other precipitation 
to the storm sewer or other place of disposal. 
The ability to design and install sanitary 
drainage, vent, and stormwater drainage 
systems is essential for the following 
reasons: 


e On many small jobs, especially new 
construction and remodeling projects, 
a plumber will have to size the piping 
systems for the entire job since piping 
drawings will not be included as part of 
the prints. 


* On large jobs, even if the plumbing sys- 
tems are shown in the prints, a plumber 
is responsible for ensuring that the 
systems are sized and installed within 
the requirements of the local plumbing 
code. 


A plumber sizes the sanitary drainage, 
vent, and stormwater drainage systems of 
a building based on the following: 

e number and type of plumbing fixtures 
and appliances, floor drains, and roof 
drains 


e locations of the plumbing fixtures and 
appliances, floor drains, and roof drains 


e locations of the water supply, sanitary 
drainage, vent, and stormwater piping 


Sanitat Drainage, Vent, anc 
Stormwater oramMage Piping 


* pipe and fittings available 


e locations of conflict with structural 
features of the building or with other 
trades whose systems must also be 
installed in the building 


SANITARY DRAINAGE 
PIPING 


Soil pipes convey discharge contain- 
ing fecal matter from water closets 
or similar fixtures, with or without 
the discharge of other fixtures, to 
the building drain or building sewer. 
Waste pipes convey only liquid waste 
that is free from fecal matter. Since 
waste pipes do not convey solid or 
semisolid materials, waste pipes are 
typically sized smaller than soil pipes 
in a building. 

Horizontal and vertical pipes are 
used to construct sanitary drainage, 
vent, and stormwater drainage piping. 
A horizontal pipe is any pipe or fitting 
that makes an angle of less than 45° 
with the horizontal plane. A vertical 
pipe is any pipe or fitting that makes 
an angle of 45° or less with the vertical 
plane. See Figure 7-1. 


Drainage Fixture Unit System 
Sanitary drainage piping must be prop- 
erly sized before it can be installed. 
Sanitary drainage piping is sized ac- 
cording to the drainage fixture unit 
system. 

A drainage fixture unit (dfu) is a 
measure of the probable discharge of 
wastewater and waterborne waste into a 


i) 


~~ 


drainage system. It was formulated in tests 
conducted by the International Association 
of Plumbing and Mechanical Officials, 
which developed the Uniform Plumbing 
Code. Standard plumbing fixtures were 
individually tested and the amount of liq- 
uid waste that could be discharged through 
their waste outlets in a given time interval 
was carefully measured. It was found that 
a lavatory, which is one of the smaller 
plumbing fixtures, would discharge ap- 
proximately 7 gal. of water in one min 
through its waste outlet. Since 71⁄2 gal. 
equals approximately 1 cu ft of water, 742 
gal. was established as the basis of the 
drainage fixture unit system, that is: 

I drainage fixture unit (dfu) = 7% gal. 

per min (gpm) 


E 


One drainage fixture unit 
(dfu) is equal to 7¥% gal. 
of water discharged in one 
minute. 


Figure 7-1. Horizontal 
and vertical pipes are 
used to construct sanitary 
drainage piping, vent pip- 
ing, and storm water drain- 
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Wastewater discharge rates of plumb- 
ing fixtures have been established based 
on | dfu being equal to 7% gal. of water 
per minute of waste discharge. Drainage 
fixture unit values for various plumbing 
fixtures are typically found in a plumbing 
code, along with minimum fixture trap and 
drain size. See Figure 7-2. The minimum 
fixture trap and drain size is the smallest 
size pipe into which the fixture may drain. 
This size must be used even if another 
sizing table indicates that a smaller size 
pipe would convey an equal number of 
drainage fixture units of waste. Always 
refer to the plumbing code adopted in 
your particular area for accepted drainage 
fixture unit values and minimum size trap 
and drain sizes. 


=> VERMCAEPIRE 


DRAINAGE FIXTURE UNIT VALUES 
FOR COMMON PLUMBING FIXTURES 


Type of Fixture 


Clothes washer (domestic use) 


Minimum 
Fixture Trap and 
Drain Sizet 


Drainage 
Fixture 
Unit Value* 


Bathtub with or without shower 


Bidet 
Drinking fountain 
Dishwasher, domestic 


Dishwasher, commercial 


FLOOR DRAIN: 
2” waste 
3” waste 


4” waste 


Lavatory 


Laundry tray (one or two compartment) 


Shower stall, domestic 
SINK: 


Combination, sink and tray 
(with cisposal unit) 


Combination, sink and tray (with one trap) 
Domestic 
Domestic, with disposal unit 
Service 


Soda fountain 


Commercial, flat rim, bar, or counter 


Wash, circular or multiple (per set of faucets) 
URINAL: 
Wall-hung, 2’ trap 


NM [OJP] W@W [PM [PM | aa 


Wall-hung, 1%’ trap 


Trough (per 6’ section) 


Water closet 
Unlisted Fixture or Trap Size: 


1%’ 


1%’ 


2’ 
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Sizing the Building Drain and 
the Building Sewer 

Properly sized horizontal drainage pipes 
can discharge up to a certain number 
of drainage fixture units of waste with- 
out subjecting the plumbing system to 
positive or negative pressure. Changes 
in direction, materials, grades, and other 
factors affect the discharge capacities of 
drainage pipes and were considered in the 
design of sizing tables. See Figure 7-3. 


Discharge capacities for different 
sizes of horizontal drainage pipes, in- 
cluding building sewers, building drains, 
and building drain branches from stacks, 
are typically found in plumbing codes. 
Based on sizing tables, a plumber can 
establish the total discharge of all the 
fixtures in a building in drainage fixture 
units and select the minimum drain 
size to serve the required demand. See 
Figure 7-4. 
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Figure 7-2. Pipe sizes 
for sanitary drainage and 
vent piping are based 
on drainage fixture unit 
values. 
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Properly Sized Horizontal Drainage Pipes eee: Figure 7-3 | 
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Figure 7-3. Properly sized horizontal drainage pipes can discharge a certain number of drainage fixture units of 
waste without subjecting the plumbing system to positive or negative pressure. 


Properly sized horizontal 
drainage pipe should be 
approximately one-third 
full of sewage to ensure 
proper scouring action. 
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For example, a plumbing installation 
consists of 30 water closets, 28 lavatories, 
four drinking fountains, three wall-hung 
urinals with 2” traps, four 2” floor drains, 
and two service sinks. The total of the 
drainage fixture unit values of all the 
fixtures is 238 dfu: 


No. dfu Total 
30 Water closets AERO 180 
28  Lavatories x I 28 
4 Drinking fountains x 1 = 4 
3 — Urinals X 4 = 12 
4 2” Floor drains Xo 8 
2 Service sinks S E 6 
Total dfu = 238 


A 5” building drain and building sewer 
sloped at 1⁄4” per foot is required. 

In addition to the volume of wastewater 
and waterborne waste that is conveyed 
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by a horizontal drainage pipe, the follow- 

ing other factors must be taken into 

consideration: 

e No water closet is permitted to discharge 
its waste into a horizontal drainage pipe 
less than 3” in diameter. 


e No more than two water closets may 
drain into a 3” horizontal drainage pipe. 


e A building drain should not be less than 
4” in diameter if it receives the discharge 
of three or more water closets. 


e Building sewers must be at least 4” in 
diameter. 


Properly sized horizontal drainage 
pipe should be approximately one-third 
full of sewage to ensure proper scour- 
ing action. The efficiency of horizontal 
drainage pipe does not increase if the 
pipe is a size larger than is necessary. 


MAXIMUM LOADS* FOR BUILDING SEWER, BUILDING DRAIN. 
AND BUILDING DRAIN BRANCHES FROM STACKS’ 


Drain 


Figure 7-4. The sizes of 
building sewer, building 
drain, and building drain 
branches from stacks are 


Diameter? 


based on the slope of the 
pipe and the potential dfu 
discharge. 


* in dfu 


t every building drain that receives the discharge of three or more water closets shall not be 


less than 4” in diameter 
Fin in. 
5 in in/ft 


4 


! no water closet shall discharge into a drain less than 3” in diameter 


a 
not over two water closets 


Scouring action is vastly reduced by 
increasing the drainage pipe size. With 
a larger pipe, solids are carried along the 
bottom of the pipe and, because water 
flow within the larger pipe 1s shallow and 
slow, the solids become separated from 
the water and remain in the drainage pip- 
ing. Eventually, lack of scouring action 
may result in stoppage of the drainage or 
branch piping, and often the entire build- 
ing drain is affected. On the other hand, 
a drain that is too small is overtaxed by 
flow and may result in siphonage, back 
pressure, and basement flooding. 


Sizing Horizontal 
Branch Drains 


Horizontal branch drains are another type 
of horizontal drainage piping. A horizon- 
tal branch drain is drainage pipe extend- 
ing horizontally from a soil or waste stack 
or building drain with or without vertical 
sections or branches. A horizontal branch 
drain receives the discharge from one or 
more fixture drains on the same floor as 
the horizontal branch and conveys it to 
the soil or waste stack or to the building 
drain. Most plumbing codes require all 


underground drainage pipes to be at least 
2” in diameter. Similar to building sewers 
and building drains, horizontal branch 
drain sizes are determined using a sizing 
table. See Figure 7-5. 


Figure 7-5. The size of 
horizontal branch drains 
is based on the grade of 
the drain. 


MAXIMUM LOADS* 
FOR HORIZONTAL 
BRANCH DRAINS’ 


Horizontal Branch 
Drain*— 1⁄4 in/ft 


Drain 
Diameter? 


* in dfu 
includes horizontal branches of building drain 

' every building drain that receives the discharge 
of three or more water closets shall not be less 
than 4” in diameter 


HIMNIN: 

s no water closets shall discharge into drain less 
than 3” in diameter 

l not over two water closets 


w 
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Properly Sized Horizontal Drainage Pipes 


SECOND ~ aon oo 


For example, per the Maximum Loads for 
Horizontal Branch Drains table, a 3” hori- 
zontal branch drain is required to serve 
two water closets. two lavatories, two 
bathtubs, and two domestic kitchen sinks. 


No. dfu Total 
2 Water closets XG RES 12 
2 Lavatories Xe 2 
2 Bathtubs X 2 = 4 
2 Kitchen sinks Xice = 24 

Total dfu = 22 


Sizing Soil and Waste Stacks 

After the horizontal building sewer and 
building drain pipe are sized, vertical 
pipes or stacks that empty into the hori- 
zontal drainage pipes must be sized. A 
stack is any vertical line of soil, waste, 
or vent piping extending through one or 
more stories. Wastewater does not flow 
down a stack in slugs of wastewater 
separated by pockets of air; rather, it 
flows down the stack in a sheet around 


FLOOR 
FIRST 
FLOOR = ee 
f 
CLEANOUT J 
BASEMENT ] 
1 BI 2 Bl 


Figure 7-6. A branch interval equals one floor of pl 


location of the fixtures. 
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the inside walls of the pipe. In addition, 
wastewater and waterborne waste does 
not continue to accelerate as it falls down 
a tall stack. Instead, the wastewater and 
waterborne waste reaches its maximum 
velocity after falling approximately two 
stories or floor levels. 

When sizing soil and waste stacks, 
branch intervals must be considered. A 
branch interval (BI) is a vertical length 
of stack at least 8’ high within which 
the horizontal branches from one story 
or floor of the building are connected to 
the stack. In general, one branch interval 
equals one floor of plumbing fixture 
drains. Depending on the location of the 
plumbing fixtures, some branch intervals 
extend more than one story of building 
height. See Figure 7-6. 

The Maximum Loads for Soil and 
Waste Stacks table, similar to other sizing 
tables, 1s based on the drainage fixture unit 
method. See Figure 7-7. The Maximum 
Loads for Soil and Waste Stacks table 
combines three tables into one and lists 


Figure 7-6 


ROOF ——|—————— 


FOURTH 
FLOOR 


1Bl 4Bl 2 Bi 
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umbing fixtures but may exceed one story depending on the 


the maximum number of drainage fixture * No water closets are permitted to 


units that may empty into the following: drain into a stack less than 3” in $ 
e stacks of not more than three stories. with diameter. A branch interval (BI) 
a maximum of three branch intervals een ene of 
e No more than two water closets may stack at least 8’ high 
e stacks of more than three stories or drain into a 3” stack in any one story within which horizontal 
three branch intervals or branch interval. branches from one story 


or floor are connected to 


e a stack on any one story or branch Sepik 
y y e No more than six water closets may ] the stack. 


interval To - a 
drain into a 3” stack. and 3” stacks 
Stacks that are 2” and larger in diameter may not have more than 6 BI of waste 
and that are over three stories or branch emptying into them. 


intervals high have a greater drainage 
fixture unit capacity than shorter stacks. * No soil or waste stack is permitted to 


Other considerations when sizing stacks be smaller than the largest horizontal 
are the following: branch connected to it. 
MAXIMUM LOADS FOR SOIL AND WASTE STACKS* Pe eee 
waste stack diameter is 
Stacks Not Stacks More than Total based on the potential 
More than Three Stories or at One Story waste discharge and the 
Stack Three Stories or Branch or Branch branch intervals of the 
Diameter’ | Branch intervals (Bl) Intervals (Bl) Interval (Bl) building. 


in in. 

no water closets permitted on a stack less than 3” in diameter 

not over six water closets permitted, and not over six branch intervals on a 3” soil stack 
not over two water closets permitted 


n+ + + 


Soil and waste pipes must be properly supported. 
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Figure 7-8. When two 
sinks with 1%” traps and 
drains rated at 2 dfu each 
are located on different 
floors of a building, a 1%” 
diameter stack is required. 


e Any building in which plumbing is stack is required to serve a building with 
installed must have at least one 3” or two domestic kitchen sinks with 11⁄2” 
larger diameter stack vent or vent stack traps and drains, rated at 2 dfu each, and 
extended full size through the roof. Jocated on different floors of the building. 
The full-size stack should be located See Figure 7-8. 


farthest from where the building drain However. if the same sinks and drains are 
leaves the building. installed on the same level of the building, 


Stack sizing varies depending on the a 2” stack is required because only 2 dfu 
: a s * > LA = S 
floor on which the fixtures are installed in may drain into a 11⁄2” pipe on any one story 
a building. For example, a 1⁄2” diameter or branch interval. See Figure 7-9. 


Sizing Waste Stacks on Different Floors - —— = Figure 7-8 
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MAXIMUM LOADS FOR SOIL AND WASTE STACKS* 


Stack of Not Stack of More than Total 

More than Three Stories or at One Story 
Three Stories or Branch or Branch 

Branch Intervals (Bl) Intervals (Bl) Interval (Bl) 


Stack 
Diametert 


1%? 


* in dfu 
ae 
* no water closets permitted on a stack less than 3’ in diameter 


TO a 
n aa Aaa Taaa 
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Offset Stacks. In some situations, a stack 
cannot continue vertically for its entire 
length due to structural obstructions or 
stack location. A stack must be offset if 
it cannot continue vertically over its en- 
tire length. An offset is a combination of 
elbows or bends that brings one section 
of pipe out of line but into a line parallel 
with the other section. 

Fittings such as ¥ bends, bends, and 
short-sweep ¥g and 1⁄4 bends are com- 
monly used to create offsets, depending on 


the joist depth mela aaa available above the An offset is used for soil or waste stacks if the stacks cannot continue on the 
ceiling where drainage pipe is installed. same vertical path over their entire length. 


Sizing Waste Stacks on the Same Floor Figure 79 Figure 7-9. When two 


sinks with 112” traps and 
drains rated at 2 dfu each 


g are located on the same 
i floor, a 2” diameter stack 
ROH is required. 
SECOND FLOOR 


FIRST FLOOR 


BASEMENT 


Stack of Not Stack of More than Total 
More than Three Stories or at One Story 
Stack Three Stories or Branch or Branch 
Diameter" | Branch Intervals (BI) Intervals (B!) Interval (B!) 


* in dfu 
t imi: aa 
t no water closets permitted on a stack less than 3’ in diameter 
basmama i ae 
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Figure 7-11. A stack offset 45° from the Vertical Plane 


more than 45° from the 


A stack that is offset 45° or less from the Sizing a Spack 
vertical plane is sized as though it is a straight Offset = RS ad 
vertical stack. See Figure 7-10. However, if 


a stack is offset more than 45° from the verti- 
ROOF pe I le =s 
| 
| 
I 
l 
| 


cal plane, apply the following procedure 
for sizing the stack: 
l. Size the portion of a stack above the 
offset the same as a straight stack Jae 


(based on the total number of drain- G 
age fixture units above the offset). See 
Figure 7-11. SECOND 
FLOOR 
2. Size the offset portion of the stack like a 
horizontal building drain branch. 2 
3. Size the portion of the stack below the FIRST 
i a FLOOR 
offset at least as large as the offset. O 
: : > z d SX : 
In buildings of five or more stories with \- 45° OFFSET 
offset stacks or a building with a horizon- 
tal building drain branch from the stack, 
g EENT. CLEANOUT 


fixtures should not be installed on the 
floor in which the offset occurs if waste 
from fixtures four or more stories above (4) 
the offset is discharged into the stack. 
Fixtures in these buildings that drain into 


Figure 7-10 


the horizontal portion of an offset stack or gure E y AO GHEE eAGeER 
horizontal building drain branch are sub- Jess from the vertical plane is sized as a 
ject to trap seal loss from back pressure. straight vertical stack. 


Stack Offset More than 


vertical plane is sized in ROOF m 


three parts—stack above 
the offset, offset, and 
stack below the offset. 


i) 


ho 


FOURTH 

FLOOR 
THIRD 
FLOOR 

STACK ABOVE OFFSET 
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SECOND 
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FLOOR 
a STACK BELOW 
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LARGE AS OFFSET BUILDING DRAIN BRANCH 
EA CLEANOUT 
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Trap seal loss due to back pressure is 
prevented if fixture drains near the base 
of the stack or stack offset connect to the 
horizontal pipe at least 8’ from the offset 
(measured vertically or horizontally). See 
Figure 7-12. The drain may also connect 
back into the vertical portion of the stack 
2’ below the offset. 

Stacks that are offset above the highest 
fixture drain connected to the stack are 
not affected by trap seal loss from back 
pressure because of adequate ventilation 
and do noi need to be connected using the 
8’ or 2’ guidelines. Offsets in the upper 
vertical portion of a stack are sized the 
same as stack vents. 

When sizing offset stacks, the portion 
above the offset is sized first. followed 
by the offset, and then the portion below 
the offset. 


Offset Stack Connections = 


Eo 


ee: 


A 1%” lavatory waste pipe may be vented into a 2” water closet vent pipe. 


For example, assume that 11 dfu of 
waste empty into the stack on each floor 
for a total of 44 dfu (4 x 11 = 44) on the 
entire stack. See Figure 7-13. A 3” stack 
is large enough for the section of the stack 
above the offset since the stack is more 
than three stories. The size of the offset 


Figure 7-12 
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— | dd 


z= | 


CLEANOUT 


2’ BELOW OFFSET 


Figure 7-12. Trap seal 
loss due to back pressure 
is prevented when fixture 
drains near the base of 
the stack or stack offset 
are properly connected. 
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Figure 7-13. When sizing 
offset stacks, the portion 
above the offset is sized 
first, followed by the offset, 
and then the portion below 
the offset. 
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section of the stack is based on the slope 
and number of drainage fixture units. 
For example, if the slope is 1⁄4” per foot 
with 44 dfu draining into the stack, a 


Sizing a Stack Offset More than 45° 


4” pipe must be used. A 4” pipe is used 
for the section of the stack below the 
offset since it must be at least as large 
as the offset. 


"Figure 7-13 
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CLEANOUT 


Total 


Tinin. 


More than Three Stories or at One Story 
Stack Three Stories or Branch or Branch 
Diameter’ | Branch Intervals (Bl) Intervals (Bl) Interval (BI) 
14t 2 2 | 1 
Wet | 4 4_ 2 
a 9 18 6 
2⁄2: ail 42 9 
aa a 365 | 728 24! 
* in dfu f 


* no water closets permitted on a stack less than 3” in diameter 
$ not over six water closets permitted, and not over six branch intervals on a 3” soil stack 


" not over two water closets permitted 


Drain 


D Slopes 
Diameter* Vg Vp A %2 
1% | — — — = 
1⁄2 | — = = = 
2 — — 21 26 
21% — = 24 31 
3! = 36 42° 50° 
* in dfu 


t every building drain that receives the discharge of three or more water closets shall not be 


less than 4” in diameter 
tinin. 
? in in/ft 


"no water closet shall discharge into a drain less than 3” in diameter 


" not over two water closets 
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DRAINAGE PIPING 
INSTALLATION 


Several items must be considered when 
installing drainage piping, including the 
grade or pitch of horizontal drainage 
piping, changes in direction of drain- 
age piping, and location of cleanouts 
in the drainage piping system. Prop- 
erly installed drainage systems provide 
adequate drainage for wastewater and 
waterborne waste, allowing the system to 
be self-scouring and free from stoppage. 
Cleanouts provide access to the drainage 
piping system if a stoppage occurs. 


Horizontal Drainage 
Piping Grade 
When horizontal drainage piping size is 
determined, the grade at which the pipe 
is installed must be calculated. Grade, or 
pitch, is the slope of a horizontal run of 
pipe; expressed as a fractional inch per 
foot length of pipe such as 1⁄4” per foot. 
Horizontal drainage piping is graded 
14” per foot of run to provide adequate 
drainage. See Figure 7-14. Horizon- 
tal pipes graded at 1⁄4” per foot allow 
wastewater and waterborne waste to 
achieve the necessary velocity and dis- 
charge capacity so that the pipes can 


Horizontal Drainage Piping Grade - 


waste-water and waterborne waste. 


scour themselves and function properly 
without producing positive or nega- 
tive pressures in the plumbing system. 
However, because of basement floor 
depth and inadequate sanitary sewer 
main depth, the building drain and/or 
building sewer grade may be less than 
V4” per foot. In addition, a long sewer 
may require less grade because the ac- 
cumulated or total pitch results in a deep 
building drain outlet. 


= Figure 7-14 
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Figure 7-14. Horizontal 
drainage piping must be 
properly graded to ensure 
adequate drainage and 
self-scouring action inside 
the pipe. 


Figure 7-15. Various 
turns may be required 
for drainage piping. It is 
important that the appro- 
priate fittings are used. 
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When laying pipe with a slight grade 
C6” to 1”), a leveling instrument should 
be used. A leveling instrument, such as a 
transit level or laser transit level, ensures 
a consistent grade for pipe along its entire 
length and pipe that is free of sagging. 
A sagging pipe results in sections of the 
pipe being filled with water. 

A pitch greater than 1⁄4” per foot pro- 
vides greater velocity and discharge 
capacity of wastewater and waterborne 
waste in soil and waste pipes, and it may 
also decrease the depth of waste neces- 
sary to provide self-scouring action. A 
greater pitch might also generate nega- 
tive pressure if the drain were filled to 
capacity. 


Changes in Direction 


Changes in direction of pipes, or turns, 
are common in sanitary drainage piping. 
A change in direction is a turn that may 
be required in drainage piping. Changes 
in direction in drainage piping must 
be made by the appropriate use of fit- 
tings such as Ys, long- or short-sweep 
VY bends, 1⁄6, 1s, or Yie bends, or by a 
combination of these fittings. 

Care must be taken in selecting the 
proper fittings for changes in direction 
in drainage piping to prevent waste stop- 
pages. See Figure 7-15. Long-sweep 
fittings lessen the probability of waste 
stoppage. Short-sweep 1⁄4 bends may 


be used for changes of direction from 
a horizontal plane to the vertical plane. 
Long-sweep 1⁄4 bends, two ' bends, or 
a combination wye and 2 bend may be 
used where the change of direction is 
from the vertical plane to the horizontal 
plane or from the horizontal plane to 
the horizontal plane. See Figure 7-16. 
Fittings that are not illustrated but have 
the equivalent sweep of the changes in 
direction fittings can be used for the 
same type of changes in direction. 


Cleanouts 


A cleanout is a fitting with a removable 
cap or plug installed in sanitary drain- 
age piping to allow access to the piping 
for removing stoppages and cleaning 
the interior of the pipe. Sanitary drain- 
age piping must be equipped with an 
adequate number of properly sized and 
placed cleanouts to allow easy access to 
the system if stoppage occurs. 
Cleanouts consist of tee or wye fittings 
installed in a drainage line and the unused 
opening capped with the appropriate re- 
movable cap or plug. See Figure 7-17. 
In general, a cleanout is the same size 
as the drainage pipe it serves (up to 4” 
maximum). A 4” cleanout is typically 
the largest size cleanout installed in 
a sanitary drainage system regardless 
of the size of the drain line it serves. 


SELECTING CHANGES IN DIRECTION 


| Changes In 
Direction from 


Vertical to horizontal Less than 3” 


Long-sweep 1⁄4 bend or long-turn T-Y 


Vertical to horizontal 3” and larger 


Long-sweep 1⁄4 bend, two Y% bends, 
combination, or wye and % bend 


Horizontal to vertical All sizes 


— ae 


Short-sweep 1⁄4 bends or long-turn 90° 
drainage elbow 


Horizontal to horizontal All sizes 
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Long- or short-sweep 1⁄4 bend or extra 
long-turn 90° drainage elbow 


Cleanouts should be provided in the fol- 

lowing locations: 

e front main cleanout—at the outside 
wall of the building at the connection of 
the building sewer and building drain 


ə stack base cleanout—at the base of all 
vertical soil or waste stacks 


ə at all 90° changes in direction 


e at the upper terminal of all horizontal 
branch drains 


e every 50’ on 3” and smaller horizon- 
tal drainage pipe; every 100’ on 4” 
and larger horizontal drainage pipe 


A front main cleanout is always 
placed at the outside wall of the build- 
ing and may be placed either inside or 


Change in Direction Fittings . 


NO-HUB 
COMBINATION 


D 


DWV PLASTIC 
LONG-TURN T-Y 


outside of the building. See Figure 7-18. 
A front main cleanout should be a full 
wye fitting placed in the direction of 
flow of the drain and should extend a 
minimum of 2” above the finished floor 
or grade level so the cleanout opening 
cannot be used for a drain. The cleanout 
should be placed flush with the floor if 
the cleanout is in a traffic area. 

Stack base cleanouts should be lo- 
cated at least 6” above the floor for 
easy access and to prevent their use 
as floor drains. Cleanouts at the upper 
terminals of horizontal branch drains 
can be eliminated if there is a plumb- 
ing fixture trap or a plumbing fixture 
with an integral trap that can be easily 
removed and used for a cleanout. 


Figure 7-16 
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The removable cap or 
plug of a cleanout typt- 
cally points in the direc- 


| tion of waste flow. 


Figure 7-16. Changes 
in direction of pipes are 
common in sanitary drain- 


age piping. 
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provide access to the pip- 


ing for removing stoppage 
and cleaning the interior of 
the pipe. 
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DIRECTION OF FLOW 


+ 


90° CHANGE IN DIRECTION 


| Cleanouts must be easily accessible. If 
cleanouts are located in walls or ceilings. 
access panels are constructed to provi 
A cleanout is typical- P dito provide 


tr O access. Cleanouts for underground piping 
bee pipe it serves. must be closely watched during backfill- 


ing Operations so the cleanouts remain 
intact and are not buried or damaged. 


— SEE 


Sewer gas from rotting street and vard 
waste material may be found in storm- 
water piping, 


tas T POUNDING DESIGNANDUNSHALLAGION 


SANITARY DRAINAGE 
PIPING VENTING 


Vent pipes are extensions of drain pipes l 
and are installed when the drain pipes} 
are installed. Vent pipes ventilate build- , 
ing sanitary drainage piping and prevent| 
trap siphonage and back pressure. Since |! 
every plumbing fixture has a water seal 

trap. every trap must be vented to protect 

its seal. A properly installed vent system 

provides air circulation within sanitary }) 
drainage piping and ensures that trapt 
seals will not be subject to a pressure d 


Front Main Cleanout: 
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2” MINIMUM 


FINISHED 
GRADE 
EEVEL 


NAS NZ 


CLEANOUT, 


VAA NAN 


2” MINIMUM 


FRONT 
MAIN 
CLEANOUT 


| 


ef more than 1” of water column. Air 
circulation within the drainage system 
allows wastewater to flow freely through 
the pipes and also removes objectionable 
gases from the sanitary drainage system. 

Trap siphonage and back pressure are 
a result of pressure differences between 
the drainage system and the atmosphere. 
The atmosphere is a blanket of gases that 
surrounds the earth, is approximaiely 
100 miles thick, and contains about 21% 
oxygen, 78% nitrogen, and 1% other gases. 
Approximately one-half the total weight 
of the atmosphere is below 18,000 feet. A 
| sq in. column of air that extends the height 
of the atmosphere exerts 14.7 pounds of 
pressure (psi) on the earth’s surface at 
sea level. Atmospheric pressure increases 
below sea level since the volume of air in 
the 1 sq in. column is greater. Atmospheric 
pressure decreases above sea level since the 
total volume of air in the 1 sq in. column is 
reduced at hiyher elevations. 


Figure 7-18 


6” MINIMUM 
STACK | 


BASE 62) 
CLEANOUT “p 


Compressibility is a common property of 
the gases thai compose the atmosphere. Air 
can be compressed, and when it is, it devel- 
ops a pressure greater than its normal sea 
level pressure (14.7 psi). Negative pressure 
is pressure less than atmospheric pressure. 
Positive pressure is pressure greater than 
atmospheric pressure. 


Trap Seal Loss 


Trap seal loss is acommon problem in drain- 
age piping. Trap seal loss is attributed directly 
to inadequate trap venting and the subse- 
quent negative and positive pressures in the 
drainage system. During siphonage, the trap 
contents are forced into the waste piping 
of the drainage system by the atmospheric 
pressure on the fixture side of the trap seal. 
During back pressure, the trap contents 
are forced to the fixture side of the trap. 
Back pressure occurs when the pressure 
within drainage piping is greater than 
atmospheric pressure on the fixture side. 
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Figure 7-18. A front main 
cleanout is placed at the 
outside wall of a building 
and may be placed either 
inside or outside of the 
building. 


A properly installed vent 
system provides air cir- 
culation within sanitary 
drainage piping and en- 
sures that trap seals will 
not be subjected to a pres- 
sure of more than 1” of 
water column. 


N 
€ 


pu J 
Horizontal sections of 
vent pipe must be graded 
slightly back toward a 
soil or waste pipe to 
keep water from ac- 
cumulating in the vent 


pipe. 
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Retarded Fiow in the 
Drainage System 

Retarded flow in a drainage system is the 
result of improper atmospheric conditions, 
insufficient venting, or improper fitting 
installation. Due to the compressibility 
of the gases in air, the air may be com- 
pressed to exceed atmospheric pressure. If 
a drainage system is not properly vented, 
water flow in a soil pipe compresses the 
air ahead of it, developing pressure greater 
than atmospheric pressure. Increased 
pressure causes retarded flow in a vertical 
stack and, therefore, affects the discharge 
capacity of its branches. 

A partial vacuum may also develop 
in the drainage system, affecting the 
discharge capacity of the system. A par- 
tial vacuum is the result of atmospheric 
pressure on the flow side of the waste 
resisting the movement of the wastewater 
because a negative pressure develops on 
the opposite side. A partial vacuum indi- 
cates a lack of proper relief ventilation, 
partial closure of a vent pipe terminal, or 
an excessively long vent pipe. 


Removal of Objectionabie 
Gases 


In addition to being foul-smelling, sewer 
gases contain chemical elements that, 
when combined with moist air, create acids 
that corrode vent pipes. Hydrogen, which 
is present in all acids, is found in large 
quantities in a sanitary drainage system. 
Hydrogen may be found in its free state, 
but it is usually combined with other ele- 
ments to create compounds such as hydro- 
gen sulfide. Hydrogen sulfide in a sanitary 
drainage system is objectionable because it 
absorbs additional oxygen from moisture 
in the drainage system, creating sulfuric 
acid, which is a highly corrosive acid. 

Horizontal drainage piping is designed 
to flow about one-third full. The air space 
along the top two-thirds of the pipe al- 
lows passage of sewer gases, especially in 
building sewer and building drain pipes. 
The air space allows passage of sewer 
gases along the top of the pipe, up the 
stack, and into the atmosphere. 
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Venting Methods 


Various venting methods can be ap- 
plied to a plumbing installation and will 
primarily be based on the manner in 
which the plumbing fixtures are located 
and grouped. A completed vent piping 
system combines several methods includ- 
ing stack vents, vent stacks, individual 
vents, common vents, branch vents, and 
wet vents. 

At one time, all fixture traps were indi- 
vidually vented. Based on experimenta- 
tion and the introduction of different soil 
and waste pipe relief vents, individual 
trap venting was found to be unneces- 
sary in most situations and very costly. 
Even though individual trap venting 
virtually eliminates trap seal loss, other 
methods of venting can be used more 
economically. 

Several venting methods are combined 
to create an effective and efficient vent 
piping system. The various methods are 
classified as follows: 

e Venting methods used to ventilate 
soil and waste pipes. A stack vent 
is the extension of a soil or waste 
stack above the highest horizontal 
drain connected to the stack. A vent 
stack is a pipe provided specifically 
to prevent trap siphonage and back 
pressure. Stack vents, vent stacks, 
and various relief vents are classified 
according to the purpose they serve. 
A relief vent is a vent that primarily 
provides additional air circulation 
between drainage and vent systems 
or serves as an auxiliary vent on spe- 
cially designed systems. A yoke vent 
is vent pipe connecting upward from 
a soil or waste stack to a vent stack 
to prevent pressure differences in the 
stacks. Relief and yoke vents serve 
the fixture trap only in an indirect 
way and maintain atmospheric pres- 
sure in the sanitary waste system. 


e Venting methods used to protect 
trap seals against back pressure and 
siphonage. An individual vent is a 
pipe that vents an individual fixture 
trap and may terminate into a branch 


vent, stack vent, vent stack, or the 
open air. A back vent is a type of 
individual vent pipe that connects to 
a waste pipe on the sewer side of its 
trap to prevent siphonage. A common 
vent is a vent pipe that connects at 
the junction of two fixture drains 
and serves as a vent for both fixture 
drains. A wet vent is any portion of a 
vent pipe through which liquid waste 
flows. 


Vent Grades. The vent pipe must be 
graded slightly back toward a soil or 
waste pipe so that water cannot accu- 
mulate in it. 


Sizing Vent Pipes 

Vent pipes are sized based on the drain- 
age fixture units connected to the vent 
pipe and the developed length of vent 
pipe. Developed length is the length of 


vent pipe measured along the centerline 
of the pipe and fittings. See Figure 7-19. 
Developed length must be considered 
when sizing vent piping because fric- 
tion between air in motion within vent 
pipes and the interior surface of the 
pipe reduces the flow and the volume 
of air moving through the vent pipe. 
Pipe smaller than 11⁄4” in diameter is 
unsuitable for venting. Although air flow 
within a smaller pipe may be adequate, 
the vent can easily become plugged. 


Stack Vents. A stack vent is the exten- 
sion of a soil or waste stack above the 
highest horizontal drain connected to 
the stack. See Figure 7-20. Stack vents 
admit air to the plumbing system and 
provide an outlet for sewer gases. A 
stack vent is usually the terminal for 
other vent pipes, such as individual 
and group fixture vents and vent stacks. 
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Figure 7-19 
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Figure 7-19. Devel- 
oped length of vent 
pipe is measured 
along the centerline of 
the pipe and fittings. 
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Figure 7-20. A stack vent 
extends above the high- 
est horizontal drain con- 
nected to a soil or waste 
stack. 
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Vents are sized according to the Size 
and Length of Individual, Branch, Circuit, 
and Stack Vents table. Stack vent sizing 
is based on the total number of drain- 
age fixture units draining into the waste 
portion of the stack and the developed 
length of the vent. See Figure 7-21. Even 
though the Size and Length of Individual, 
Branch, Circuit, and Stack Vents table 
indicates that 21⁄2” pipe may be used to 
vent drainage systems, 21⁄2” pipe is never 
installed since no drain, waste, or vent 
fittings are made for use with 242” pipe. 

For example, a 3” stack vent is required 
for a group of fixtures consisting of six 
stalled on the second floor of a 100 tall 
building. Following is the procedure to 
determine the drainage fixture unit value 
of this group of fixtures: 


No. dfu Total 
6 Waiter closets — of = 36 
4 Lavatories x 1 = 4 
3 Urinals x a4 12 
2 Showers Xe = 

Total dfu = 56 
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Assuming that each floor is 10° high, 
the stack vent has a developed length 
of approximately 90’ from the first floor 
ceiling to the top of the stack (100’ — 
10’ = 90’). Based on the Size and Length 
of Individual, Branch, Circuit, and Stack 
Vents table, a maximum of 72 dfu may 
be vented with either a 2” pipe with a de- 
veloped length of 50’, a 242” pipe with a 
developed length of 80’, or a 3” pipe with 
a developed length of 400’. A 3” stack vent 
is required since the developed length of 
the vent is 90’. 


a 


ABS and PVC drainage, waste, and 
vent pipe are commonly used for non- 
pressure (DWV and sewer) applications 
because the smooth inner walls of the 
pipe ensure high-gravity flow rates and 
ps the possibility of stoppages. 


SIZE AND LENGTH OF INDIVIDUAL, BRANCH, 
CIRCUIT, AND STACK VENTS 


Units A 1 1% 2 2⁄2 3 4 5 6 
Connected Maximum Developed Length of Vent’ 
700 
200 700 


* in dfu 


t inin. 

* except 6 dfu fixtures 

Sin fi 

" unlimited length 4 
* not permitted 


Vent Stacks and Main Vents. A vent 
stack provides air circulation to and from 
the drainage system. Vent stacks are also 
main vents. A main vent is the principal 
artery of a vent system to which vent 
branches may be connected. Vent stacks 
or main vents are required in buildings 
with individual vents, relief vents, or 
branch vents on three or more branch 
intervals. Vent stacks or main vents are 
also terminals for smaller individual and 
group fixture vents. 

The vent stack is usually located close 
to the soil pipe stack, but its actual loca- 
tion depends on the building construc- 
tion. See Figure 7-22. A vent stack is 
installed when the soil pipe stack is 
installed. Openings are left at the correct 
height and proper floors to accommodate 
fixture trap vents. A vent stack or main 
vent begins at the base of the soil stack 
and relieves back pressure that might 
occur at this location. A vent stack is 
connected to the waste stack at the lower 
end with a wye and % bend and connects 
with the stack vent (uppermost portion of 
the soil stack). However, if the vent stack 
or main vent is not run within a few feet 
of the soil stack, the vent may continue 
through the roof separately. 


In a multistory building of more than 
five branch intervals, the waste stack and 
the vent stack must be reconnected with 
a yoke vent every five branch intervals, 
counting from the top interval down. A 
yoke vent connects upward from a soil 
or waste stack to a vent stack to prevent 
pressure differences in the stacks. A yoke 
vent is a type of relief vent that provides 
additional air circulation between drain- 
age and vent systems. The yoke vent 
connection is the same size as the vent 
stack to which it connects. 


Figure 7-21. Stack vent 
size is based on the total 
number of drainage fixture 
units draining into the 
waste portion of a stack 
and the developed length 
of the vent. 


Vent branches are connected to a main vent prior to the main vent exiting 


the roof of a building. 
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Figure 7-22. The vent and Vent and Soil Stack Installation —— Figure 7-22 


soil stacks are installed == 


at the same time and are 
usually located close to 
one another. 
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A yoke vent 1s connected to a soil stack 
with a wye and ¥ bend. When connected 
to a waste stack, a yoke vent is connected 
to the waste stack below the horizontal 
fixture branch drain for that floor and to 
the vent stack at least 3’ above the floor 
level. See Figure 7-23. Sufficient space 
must be allowed between the soil or waste 
stack and vent stack so the connection can 
be easily made. 
| ll (ea Vent stack and main vent sizing is 
Sanitary drainage and vent piping must be planned in advance when de- based on the size of the soil or waste 
signing a building. stack, number of drainage fixture units 
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connected to the stack, and the developed 
length of the vent. See Figure 7-24. For 
example, a 3” vent stack (90’ developed 
length) is required in an 8-story apart- 
ment building when a 4” size soil stack 
is used to serve 88 dfu. Based on the 
Size and Lengths of Vent Stacks table, a 
4” stack with 240 dfu or less connected 
to it requires a 3” vent stack. 


Stack Terminals. Stack vent and vent ~*~. ` : 
stack terminals are extended through the `h . 


roof to pom AT the outside air. For ease of identification, drainage and vent piping in large commercial 
Vent terminals typically extend at least 1’ structures may be labeled. 


Figure 7-23. A yoke vent 

is connected to the waste 

stack below the horizontal 

ROOF Sa fixture branch drain for 

that floor and to the vent 

VEN ers stack at least 3’ above 
the floor. 


Yoke Vent —— = Figure 7-23 
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Soil 


Fixture 


through the roof to prevent rainwater on 
the roof from draining into the terminals 
and to prevent objects on the roof from 
falling into and blocking the vent open- 
ing. Since sewer gas is foul-smelling, 
a vent terminal should be located at 
least 10’ from windows, doors, or other 
ventilation openings. If vent terminals 
must be located closer than 10’, extend 
the pipe at least 2’ above the opening. 
If a vent terminal passes through a roof 
that serves another purpose, such as a sun 
deck, the vent should terminate at least 
7’ above the roof. 

Roof terminals for vents must be 
sealed to the roof surface to prevent rain- 
water, snow, and other moisture around 
the pipe from leaking into the building. 
See Figure 7-25. Roof jackets or roof 
flanges are installed around the vent ter- 
minals to make the roof watertight. Some 
roof jackets are adjustable for different 
roof pitches and stack height variations 


SIZE AND LENGTHS OF VENT STACKS 
Diameter Vent" 


caused by expansion and contraction of 
the stack or settling of the building. 

In colder climates, unwanted closure of 
the vent terminal due to frost is acommon 
problem and can cause trap seal loss. Air 
within a plumbing system is usually close 
to the moisture saturation point. Conden- 
sation occurs when humid air is emitted 
through the stack terminal and freezes 
rapidly. One method of preventing frost 
closure of a vent terminal is to increase 
the size of the terminal before it passes 
through the roof. 


Care must be taken when installing 
stack terminals near rooftop heating and 
ventilation units. Rooftop heating and 
ventilation units can pull sewer gases 
into the building ventilation system if 
a Stack terminal ts located too close to 


(oat units. 


orWaste | Units | 1% |1 | 2 |2 | 3 4 5 des | ve oe 
Stack Size |Connected! Maximum Developed Length of Vent? 
T 2 50 
12 4 40 200 «| 
a | 9 100 | 200 | | 
2 18 50| 150 f 
215 42 30 | 100 | 300 | | 
3 72 BO | sae 400 
4 240 40 | 70 250 | | | | 
4 500 50 180 | 700 
5 540 sali 150 | 600 as 
5 1100 50 | 200 700 
6 | 1900 | 50 | 200 | 700 
8 | 2200 150 | 500 
8 3600 60 | 250 | 800 
10 3800 200 | 600 
10 5600 60 250 800 
a = e o 
E | 100 | 300 | 900 
15 10.500 | 50 | 200 | 600 
1S 50,000 | 75 180 
Inin. 
t in dfu 
tinn 


Figure 7-24. Vent stack and main vent sizing is based on the size of soil or waste 
fixture units connected to the stack, and the developed length of the vent. 
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stack, number of drainage 


In cold climates, vent pipes passing 
through the roof should be at least 2” 
pipe. Another method of preventing frost 
closure is the use of a roof jacket that 
allows 1” of free air space around the 
vent terminal. 


Individual Vents. An individual vent, 
most often a back vent, vents an indi- 
vidual fixture trap and terminates into a 
branch vent, stack vent, vent stack, or the 
open air. An individual vent is the most 
practical method of venting a fixture trap. 
Trap seal loss is virtually eliminated 
when an individual vent is employed 
since the plumbing system is relieved of 


Roof Jackets and Flanges 


ADJUSTABLE % 
FLANGE / 


— VENT 
TERMINAL 


WARM CLIMATE 


negative and positive pressure at every 
fixture trap. See Figure 7-26. The most 
common individual vent is a continuous 
vent. A continuous vent is a vertical vent 
that is a continuation of the drain to which 
it connects. 


panne 


Installing individual fixture vents is the 
easiest way to eliminate trap seal loss, 


since there is no negative or positive 
pressure from the other fixture traps. 


Figure 7-25. Roof jack- 
ets or roof flanges are 
installed around vent 
terminals to prevent rain- 
water from leaking into 
the building. 
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Figure 7-26. Individual 
venting eliminates trap 
seal loss because the 
plumbing system is re- 
lieved of negative and 
positive pressure at every 
fixture trap. 
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FLOOR-SET FIXTURES 


When venting wall-hung or cabinet-set 
fixtures, such as sinks, lavatories, and 
drinking fountains, the trap discharges 
into the side opening of a sanitary drain- 
age tee. The top opening of the tee is the 
connection for an individual vent. The 
bottom opening of the tee connects to the 
waste or soil stack. 
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The maximum distance between the fix- 
ture trap and its vent 1s based on the fixture 
drain size. See Figure 7-27. Individual 
vents and other fixture trap vents should be 
connected as close to the trap as possible, 
usually to the fixture drain pipe directly 
below and in back of the fixture. Dirt, rust, 
or other foreign material in the vent drops 


into the waste line and is carried away by 
the discharge of the fixture, thus maintain- 


Figure 7-27. Trap-to-vent 
distance is based on the 
fixture drain size. 


Trap-to-Vent Distances ———— 


ing a clear vent. If an individual vent is to 
be reconnected to the vent stack, it should 
be connected at least 6” above the flood 
level rim of the fixture served by the vent 
so that the vent will not serve as a waste 
line for the fixture if the fixture waste pipe 
is clogged. A flood level rim is the top edge 
of a fixture from which water overflows. 

Individual vents can also be installed for 
floor-set fixtures, such as urinals, shower 
baths, and bathtubs. The fixture trap dis- 
charges into the side opening of a sanitary 
drainage tee, with the top opening serving 
as an individual vent connection. The vent 
stack connection must be at least 6” above 
the flood level nm of the fixture served by 
the vent. Floor-set water closets in a base- 
ment must be properly vented to provide 
adequate ventilation and air circulation. See 
Figure 7-28. Flat venting of water closets 
should be avoided since stoppage of the 
fixture drain can result in waste backing 
into the vent and plugging it. 


In 1874, an unknown American plumber 
solved the problem of venting by balanc- 
ing air pressure within a plumbing system 
with outside atmospheric pressure. This 
prevented siphonage and blowout of 
trap seals. 


Floor-Set Water Closets 
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An individual vent is sized based on 
the drainage fixture unit value of each 
fixture and the developed length of the 
individual vent to the vent stack, stack 
vent, or roof terminal. An individual 
fixture vent should never be smaller than 
one-half the fixture drain diameter. 
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Figure 7-28. Floor-set water closets in a basement must be properly vented to provide adequate ventilation 


and air circulation. 
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Do not discharge a water 
closet into an un-vented 
waste pipe. Fixtures that 
discharge their waste 
into a waste pipe di- 
rectly above a water 
closet must be vented 
to ensure the trap seal 
remains intact. 


For example, based on a 50’ developed 
length of the vent pipe, the following are 
individual vent sizes for common fix- 
tures: Based on the Size and Length of In- 
dividual. Branch, Circuit, and Stack Vents 
table, a 14%” vent pipe may be required 
for a fixture (such as a water closet) dis- 
charging 6 dfu. However, plumbing codes 
do not permit water closets to be vented 
by 11%” vent pipes and require 2” vent 
pipes for all water closet vents. 


Individual Vent 


Fixture Type Minimum Size dfu 
Lavatories 114” 1 
Drinking fountain 1%” 1 
Domestic sink 1%” 2 
Domestic shower stall 1%” 2 
Bathtub 1%” 2 
Laundry tray a 2 
Service sink 1%" 3 
Water closet 24 6 


SIZE AND LENGTH OF INDIVIDUAL, BRANCH, 
CIRCUIT, AND STACK VENTS 


Fixture 
Units 
Connected‘ 


Vent Diametert 


2% 3 4 5 


Developed Length of Vents 


* in dfu 
Tinin. 


Sin tt 


unlimited length 
* not permitted 
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Common Vents. A common vent, or unit 
vent, connects two fixture drains and serves 
as a vent for both fixture drains. The fix- 
tures discharge waste into a sanitary cross, 
tapped cross, or figure 1 fitting. The top 
opening of the cross or fitting is used for a 
common vent connection, which is com- 
pleted in the same manner as an individual 
vent. See Figure 7-29. Common venting is 
used on two similar fixtures with the same 
vertical drain heights, which are installed 
on opposite sides of a partition, and is com- 
mon for fixture traps serving apartment 
and hotel bathrooms. Apartment and hotel 
bathrooms are usually located back to back 
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and the waste, vent, and water pipes are 
run in a common wall between the rooms. 
Common vent design and principles are 
similar to individual venting. 

Pipe size for a common vent is deter- 
mined similarly to an individual vent ex- 
cept that the pipe size must be adequate to 
vent the total drainage fixture unit value of 
both fixtures. For example, a 112” pipe is 
required as acommon vent for two lavatory 
traps. Each lavatory is rated at | dfu, and 
the developed length of the vent is 60’. The 
total of the drainage fixture unit values is 2 
dfu. Since 50’ is the maximum developed 
length of a 11⁄4” vent pipe that vents 2 dfu, 
a 11⁄2” vent is required. The same procedure 
is applied to other fixtures and the vent size 
increases as the drainage fixture unit value 
of fixtures becomes greater. 

Common venting is used for lavatory, 
bathtub, and water closet installations in 
back-to-back rooms. See Figure 7-30. 
However, it may be inconvenient to com- 
mon vent bathtubs. showers, and other 
floor-set fixtures due to space limitations. 
When water closets are the highest fixtures 
on a stack, they may be common vented 
to that stack. In this installation, the stack 
vent also serves as a common vent. See 
Figure 7-31. 


Branch Vents. A branch vent is a vent 
pipe connecting two or more individual 
vents to a stack vent or vent stack. Branch 
vents commonly run horizontally behind a 
group of fixtures. When a branch vent runs 
horizontally and ties several individual fix- 
ture vents together, the branch vent must 
be at least 6” above the flood level rim of 
the highest fixture connected to the vent. 
Branch vent size is based on the number 
of drainage fixture units connected to it 
and the developed length of the branch 
vent from its vent stack or stack vent to 
the farthest fixture drain served by the 
branch vent. 

For example, what size branch vent is 
required for a bathroom containing six 
water closets, four lavatories, four wall- 
hung urinals with 2” traps, and one service 
sink with a developed length of 76’ to the 
nearest vent stack? 
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Common Venting - me Figure 7-30. Common 

aS . ae = venting is used for lava- 
tory, bathtub, and wa- 
ter closet installations in 
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Figure 7-31. When water 
closets are the highest 
fixtures on a Stack, they 
may be common vented 
to that stack. 
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Based on the Size and Length of Indi- 
vidual, Branch, Circuit, and Stack Vents 
table, a 242” branch vent is required. 


Wet Vents. A wet vent is the portion of a 
vent pipe through which liquid waste flows. 
Wet venting is a venting method com- 
monly used for small groups of residential 
bathroom fixtures. Wet venting is a permit- 
ted practice in some code jurisdictions. 


No. dfu Total 
6 Water closets Xeon = 36 
4 Lavatories ioe 4 
4 Urinals i E= 16 
1 Service sink re eh S 

Total dfu = 59 
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PLUMBING DESIGN AND INSTALLATION 


|_—_ SOIL STACK 


However, always consult the plumbing 
code that is in effect in the area where the 
plumbing work is being performed. Some 
plumbing authorities believe wet venting 
is an effective method for maintaining 
balanced pressure to prevent fixture trap 
seal loss and that fixture discharge into 
the line scours the vent, keeping it clean. 
Some plumbing authorities believe that 
vent pipe used for wet venting will become 
fouled rapidly and its diameter greatly 
reduced, thus resulting in stoppage and 
trap seal loss. 

A basic wet vent is acommon vent with 
two fixtures whose horizontal drain open- 
ings are at different heights and installed 
back to back. In this installation, the verti- 
cal drain is sized one pipe size larger than 
the upper fixture drain, but in no case is it 
smaller than the lower fixture drain. See 
Figure 7-32. For example, a 112” vertical 
drain is required when the lavatory waste 
is above the kitchen sink waste. The wet 
vent of the vertical drain pipe would be 
11⁄2” pipe instead of the 144” that would 
normally be required for a lavatory drain. 
However, if the kitchen sink drain is above 
the lavatory drain, the wet vent portion is 
sized as 2” pipe instead of 112” pipe, which 
is the normal size for a kitchen sink drain. 
As a general rule, not more than | dfu may 
drain into a 142” wet vent or more than 
4 dfu into a 2” wet vent. 


Basic Wet Vent Sizing 
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A typical wet vent installation is a 
residential bathroom. See Figure 7-33. 
In this installation, the vertical portion of 
the lavatory waste is the wet vent for the 
bathtub drain. In this case, the lavatory 
waste is increased to 114” pipe, but the 
lavatory vent, which vents 3 dfu, remains 
144” pipe. 

Another wet vent application is an 
installation in which the kitchen sink and 
lavatory are back to back and the waste 
pipe for these two fixtures is the wet vent 
for the bathtub. See Figure 7-34. In this 
installation, the wet vent portion of the 
vertical drain must be 2” pipe because it 
drains 3 dfu, and the branch vent to the 
stack is 142” pipe because it vents 5 dfu 
(lavatory [1 dfu] + kitchen sink [2 dfu] + 
bathtub [2 dfu] = 5 dfu). 

Wet vents are often used in residential 
basement bathroom installations. See 
Figure 7-35. In this installation, the 
lavatory drain is a wet vent for the water 
closet. The size of the wet vent portion 
of the pipe is not increased because the 
2” pipe required for a water closet vent 
is more than one pipe size larger than a 
lavatory waste, which is usually 11⁄4”. 
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Figure 7-33. The vertical portion of the 
lavatory waste is the wet vent for the 
bathtub drain. 
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Figure 7-32. A basic wet 
vent is a common vent 
with two fixtures whose 
horizontal drain openings 
are at different heights and 
installed back to back. 


243 


Figure 7-34. In this instal- 
lation, the waste pipe for 
the kitchen sink and lava- 
tory is the wet vent for the 
bathtub. 


A 45° double wye fitted with a cleanout is prohibited for a double kitchen sink 
with a food waste disposer. 
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Ina properly installed plumbing system, 
every fixture contains a trap and every 
trap contains a vent. 


Another type of wet vent is a stack group. 
A stack group is a group of fixtures located 
next to a stack so that vents may be reduced 
to a minimum using the proper fittings. 
See Figure 7-36. A stack group is com- 
monly used in one-story homes or when 
the bathroom is located on the top floor of 
a building. When a stack group is sized, the 
individual fixture drains are their normal 
size, but the stack vent is the same size as 
the soil stack. If the individual fixture trap 
arms exceed the maximum distance cited 
in the Fixture Trap-to- Vent Distance table, 
the fixtures must be revented. 
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STORMWATER DRAINAGE 
PRINCIPLES 


The stormwater drainage system conveys 
rainwater and other precipitation to the 
storm sewer or other place of disposal. 
At one time, surface and rainwater was 
discharged into the building drain, which 
also served the plumbing fixtures of the 
building. This practice was considered sat- 
isfactory because the public sewer drained 
into a river, lake, or natural drainage basin, 
and the discharge of a large volume of clear 
wastewater did not create a problem. How- 
ever, as the population grew, the need for 
sewage treatment became more apparent. 


Currently, most municipalities maintain 
sewage disposal plants where the sewage 
treatment process consists of liquefying 
suspended organic materials. Rainwater 
passing through a disposal plant affects 
the treatment process and is therefore 
separated from the waterborne organic 
waste before it enters the treatment plant. 
Rainwater is relatively clean and can be 
discharged into a natural drainage ter- 
minal, such as a drainage basin, without 
negatively affecting the ecology. Drainage 
basins are a common practice for large 
industrial plants located in areas away 
from municipalities. 
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Figure 7-35. When the 
lavatory drain is the wet 
vent for the water closet, 
it is not necessary to in- 
crease the wet vent size. 
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In most municipalities private buildings ° Stormwater drain pipes are required to 


are required to have drainage systems that have cleanouts in the same locations as 

connect to the municipality storm sewer. sanitary drainage pipes. 

Discharging rainwater into = somers a geen iden dain ate graded at 

eliminates the discharge of rainwater lead- least 1⁄4” per foot. However, excessive 

ers into gutters and over sidewalks where grade in stormwater drainage piping 

it may become a pedestrian hazard. is not a concern since stormwater is 
Stormwater drainage pipes are installed relatively free of solid material. 


at the same time as sanitary drainage and 
vent pipes. In some structures, such as in tall 
buildings, stormwater and sanitary drainage 
pipes are in the same trench and run parallel 
to one another in pipe shafts. Stormwater 
drainage piping shares several common 
features with sanitary drainage piping: 


Building Storm Drain 
Installation 


Building storm drains convey rainwater 
from roof drains through a rainwater 
leader and into a storm sewer. If a storm 
sewer is not available, rainwater is piped 
e Changes in direction in stormwater to a drainage basin, such as a pond. The 
drains are made with the same fittings building storm drain is placed under the 
as those required for sanitary drainage basement floor if there is an adequate 
piping. elevation difference between the building 


Figure 7-36. A stack group Stack Grou 
is located next to a stack = 

so vents may be kept to a 
minimum. 


ROOF 


~ BATHTUB OR SHOWER 
AF DRAIN MUST ENTER STACK 
AT OR ABOVE LEVEL 
OF WATER CLOSET DRAIN 


CLEANOUT QO 


LAVATORY — 


WATER CLOSET 


PLAN VIEW 


246 | PLUMBING DESIGN AND INSTALLATION 


storm drain and storm sewer main. or it 
is suspended from the basement ceiling 
if the elevation difference is inadequate. 


Roof Drains. A roof drain receives rain- 
water collecting on a roof surface and 
discharges it into a rainwater leader. Roof 
drain bodies are available for a variety of 
applications. See Figure 7-37. Most roof 
drains have no-hub outlet connections. 
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Figure 7-37. Roof drains receive rainwa- 
ter collecting on a roof surface. 
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When drains are installed, flashing 
is installed around the drain body and 
sealed to the roof to form a water- 
tight connection. Refer to the drain 
manufacturer recommendations for 
flashing installation details. A cast 
iron, cast aluminum, or plastic strainer 
basket. which extends several inches 
above the roof. is attached to the drain 
to prevent stones, leaves, and other 
debris from entering the stormwater 
system. A flat drain cover is installed if 
the roof is used as a sun deck or an- 
other application. 


Storm Drain Traps. In most applica- 
tions, storm drain traps are not required 
when a storm drainage system connects 
to municipality storm sewer mains. Storm 
drain traps should be used when a roof 
drain body is located within 10’ of a door. 
window, or any other opening to a build- 
ing. See Figure 7-38. 

Rainwater leaders usually run along a 
column or are placed in vertical shafts 


Figure 7-38 
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Figure 7-38. Storm drain 
traps should be used 
when drain bodies or con- 
ductors are located within 
10’ of a door, window, or 
other opening. 


Chapter 7—Sanitary Drainage, Vent, and Stormwater Drainage Piping \ 247 


Figure 7-39. Projected 
roof area and horizontal 
storm drain slope deter- 
mine the size of horizontal 
storm drains. 
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constructed specifically for pipe. Lead- 
ers typically extend vertically from the 
base fitting through the floors of the build- 
ing and terminate below the roof where 
they connect to a roof drain. 

When planning the location of a building 
storm drain beneath a basement floor. the 
building storm drain and all branches are 
designed so that they will not cross over 
main runs of the building sanitary drain. 
If it is necessary to suspend the storm 
drain from the basement ceiling, the drain 
should not conflict with heating mains, 
ventilation ducts, windows, or beams. 


Sizing Building Storm Drains 
and Rainwater Leaders 
Projected roof area is the primary factor 
in determining size of building storm 
drains and rainwater leaders. The pro- 


jected roof area is the area (in sq ft) of a 


portion of a roof drained by a particular 


pipe. In addition to the projected roof 
area, the size of the building storm drains 
is based on the horizontal storm drain 
slope. See Figure 7-39. A greater slope 
allows rainwater to move quickly and 
efficiently through the system, allowing 
more rainwater to be conveyed. Based 
on the Horizontal Storm Drain Size 
table and using a slope of 6” per foot, 4” 
branch drain pipes are used to drain areas 
up to 1880 sq ft, a 5” pipe drains areas up 
to 3340 sq ft, a 6” pipe drains areas up to 
5350 sq ft, and an 8” pipe drains areas up 
to 11,500 sq ft. See Figure 7-40. 

All vertical rainwater leaders drain 
1500 sq ft of projected roof area and 
require 3” pipe. See Figure 7-41. With a 
1” per foot slope, it is not uncommon for 
horizontal pipe to be larger than the leader 
into which it drains. The underground 
pipe is reduced on the vertical rise. See 
Figure 7-42. 
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Figure 7-40. Projected 
roof area is used to deter- 
mine the size of building 
storm drains and rainwa- 
ter leaders. 
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Figure 7-41. Rainwater leader size is 
based on the maximum projected roof area. 
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Figure 7-42. A reducer 
is used to transition from 
a rainwater leader to a 
storm drain. 
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REVIEW QUESTIONS 


ile 


What is a plumber’s responsibility for proper and safe installation of sanitary 
drainage facilities in a building? 


. Define the term “drainage fixture unit.” How is this unit determined as a standard 


for calculating the sizes of drainage piping? 


. What is the minimum size of building sewer pipe permitted by most plumbing 


codes? 


. From the tables in the text. determine the individual dfu values and the horizontal 


branch drain pipe size required to serve all of the following fixtures: 
A. Three water closets 
B. Four lavatories 
C. One bathtub 
D. Two kitchen sinks 


E. Two laundry trays 


. Define the term “stack.” Distinguish between a soil stack and a stack vent. 
. At what point does a stack change from a soil stack to a stack vent? 


. List as many approved fittings or combinations of fittings as possible for making 


the following changes of direction in drainage piping: 
A. Horizontal turns 
B. Horizontal to vertical turns 
C. Vertical to horizontal turns 


D. Combination turns with cleanouts 


8. What are the minimum sizes for a soil stack and building drain for a residence? 


What is the minimum size for a drain branch under a basement floor? 


9. List two reasons for venting a plumbing system. 


10. Define “stack group.” 


11. What is a trap arm? 


12. Define “continuous waste and vent.” 


13. What is the purpose of a yoke vent? 


14. Why do some plumbing codes require that a vent stack be enlarged to at least 


2” before it passes through a building roof? 


15. On what basis is the size of the stormwater drainage system calculated? 


PLUMBING DESIGN AND INSTALLATION 


zir- 


anitary drainage and vent piping 

systems are constructed using a 

variety of piping methods. Drain- 
age and venting principles are consis- 
tent regardless of the type of building, 
whether residential or commercial 
structures. Drainage and venting loads 
are greater in most commercial struc- 
tures that have a large number of oc- 
cupants and more plumbing fixtures, 
making plumbing system design more 
challenging. 


ONE-STORY, ONE-FAMILY 
DWELLINGS 


Plumbing codes define sanitary drain- 
age and vent piping requirements for 
residential and commercial structures. 
Minimum requirements are the absolute 
minimum level of piping that can be in- 
stalled in a building. For some construc- 
tion projects, minimum requirements are 
specified in the prints and specifications. 
For other construction projects of a simi- 
lar nature, additional piping, such as an 
individuali vent, is installed to ensure a 
higher level of protection against trap 
siphonage and back pressure. 

A typical one-story, one-family dwell- 
ing may consist of a bathroom (with 
water closet, lavatory, and bathtub) and 
kitchen sink on the first floor, and a laun- 
dry tray and floor drain with 2” trap in the 
basement. See Figure 8-1. The dfu values 
for the fixtures in the dwelling are based 
on the Drainage Fixture Unit Values for 
Common Plumbing Fixtures table. 


The dfu values for the fixtures in the ex- 
ample one-story, one-family dwelling are 
the following: 


No. dfu Total 
1 Water closet ~ CG = 6 
1 Lavatory ~ 1 =e 1 
1 Bathtub x 2 = 2 
1 Kitchen sink X a = 2 
1 Laundry tray A 2 = 2 
il Floor drain XC 2 


Minimum Requirements 


Based on the drainage fixture unit values 
of the fixtures, the minimum sizes of the 
building sewer, building drain, and build- 
ing drain branches are determined. The 
building drain, which is 3” pipe sloped at 
V4” per foot, is increased to 4” pipe for the 
building sewer, with the building sewer 
terminating at the sanitary sewer main or 
septic tank. A front main cleanout is pro- 
vided on the inside of the foundation wall 
at the base of the stack. The front main 
cleanout extends 2” minimum above the 
floor to prevent a homeowner or occupant 
from removing the cleanout plug and us- 
ing the cleanout as a floor drain. 

A 2” building drain branch serves the 
laundry tray and the basement floor drain. 
The 2” pipe is reduced to 14” pipe above 
the basement floor, and a cross fitting is 
installed to provide an opening for the 
laundry tray waste and a cleanout. The 
114” pipe is reduced to 11⁄4” at the top of 
the cross to vent the laundry tray trap. 
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the sanitary drainage 
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Figure 8-1. A typical one- 
story, one-family dwelling 
consists of a bathroom 
with water closet, lava- 
tory, and bathtub, kitchen 
sink, laundry tray, and 
floor drain. 


Figure 8-1 
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The 1%” vent pipe connects to the 3” 
stack at a point 6” above the flood level 
rim of the kitchen sink (3’-6” above the 
first-floor elevation). 

A stack group is used to plumb the 
bathroom of the one-story dwelling, 
representing the minimum requirement 
for a waste and vent pipe installation. 
These minimum requirements may not 
be permitted in areas with strict plumb- 
ing codes since the bathtub, lavatory, 
and kitchen sink are not individually 
vented. However, for most plumbing 
codes, individually venting the bathtub, 
lavatory, and kitchen sink is not neces- 
sary, provided that the distance between 
the trap and the stack does not exceed 
2’-6” for a 11⁄4” lavatory trap or 3’-6” for 
144” bathtub and kitchen sink traps. The 
bathtub drain enters the stack at or above 
the water closet opening. 


Individually Vented Fixtures 


In some jurisdictions, additional venting 
may be necessary to satisfy plumbing 
code requirements. See Figure 8-2. All 
fixtures except the floor drain are vented. 
The building drain from the stack is 4” 
pipe with a 4” cleanout at the inside of 
the foundation wall. A 2” branch pipe 
serves the floor drain, laundry tray, and 
stand pipe. 

All fixtures draining into the stack 
have a continuous waste and vent. The 
horizontal branch drain that serves the 
lavatory is 11⁄4” pipe. A 2” branch pipe 
serves the kitchen sink and bathtub, and 
a 14” pipe serves the bathtub fixture trap. 

The horizontal vent connected to the 
stack on the right side that serves the lava- 
tory drain is 11⁄4” pipe. The vent on the 
other side is 2” pipe to the first tee, which 
is a future vent. A future vent is provided 
so that there is a proper size vent opening 
if a basement bathroom is installed in the 
future. After the future vent opening, the 
vent is reduced to 11⁄2” pipe to serve the 
kitchen sink and bathtub vents. After the 
bathtub vent, the vent pipe is reduced to 
11⁄4” for the basement laundry tray and 
standpipe vents. 


A front main cleanout is installed on 
the building drain inside the foundation 
wall. a stack base cleanout is installed 
at the base of the 3” soil stack. and indi- 
vidual cleanouts are installed at the ends 
of the horizontal branches draining into 
the stack. A cleanout is also installed 
on the vent pipe above the laundry tray 
and standpipe to serve the horizontal 
branch drain. 


TWO-STORY, ONE-FAMILY 


DWELLINGS 

Two-story, one-family dwellings typically 
include plumbing fixtures on both floors 
as well as in a basement. The first floor 
may have a water closet, lavatory, and 
kitchen sink, and the second floor has 
a water closet, lavatory, and bathtub. A 
laundry tray and floor drain are located 
in the basement. See Figure 8-3. Based 
on the DFU Values for Common Plumb- 
ing Fixtures table, the dfu values for the 
following fixtures are: 


No. dfu Total 
2 Water closets EG = 12 
2 Lavatories x 1 = 2 
1 Bathtub x 2 = 2 
1 Kitchen sink so = 2 
1 Laundry tray H AE 2 
1 Floor drain Ma A T2 

Total dtu = 22 


Individually Vented Fixtures 


The building drain from the stack is 4” 
pipe with a 4” cleanout on the inside of 
the foundation wall. A 2” branch pipe 
serves the floor drain and laundry tray. All 
fixtures draining into the stack have a 
continuous waste and vent. The kitchen 
sink 1s located where it is impractical to 
drain it into the stack: instead, it drains 
into a building drain branch that serves 
the laundry tray and floor drain. 

A building drain branch receives 
wastes from the laundry tray and floor 
drain in the basement and the kitchen 
sink on the first floor. The building drain 
branch is 2” pipe below the basement 
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Some plumbing codes 
do not require individual 
venting of the bathtub, 
lavatory, and kitchen sink 
in residential construc- 
tion provided that the 
trap-to-vent stack dis- 
tance is not excessive. 
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Figure 8-2. Individually 
vented fixture traps pro- 
vide greater protection 
from trap siphonage and 
back pressure. 
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floor and is reduced to 142” above the 
floor for the laundry tray and kitchen 
sink wastes. The laundry tray vent is 
11⁄4” pipe, which continues up to the first 
floor where it is connected to the 11⁄4” 
kitchen sink vent at a point 6” above the 
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kitchen sink flood level rim (approxi- 
mately 3’-6” above the kitchen floor). 
The 11⁄4” vent pipe continues upward 
to a point immediately below the roof, 
where it is increased to 2” pipe before 
passing through the roof. 


Smee re 


Two-Story Residence Plumbing Plans 
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Figure 8-3. The plumbing plan of a typical two-story residence shows individual venting of all fixtures. 
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Figure 8-4. A no-hub 
vented closet tee offsets 
a water closet on a lower 
floor from the stack to 
properly vent the water 
closet. 


bo 
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The first-floor water closet is set off to 
the side of the 3” stack. The water closet 
drains into a 3” sanitary tee and a wye in 
the stack. The water closet may be con- 
nected using a vented closet tee or cross. 
A vented closet tee, or vented closet cross, 
is a specially designed fitting for offset- 
ting a water closet on a lower floor from a 
stack to properly vent a water closet. See 
Figure 8-4. Vented closet tees and crosses 
are available with side openings to accept 
the wastes of other fixtures on the same 
floor. Waste from the lavatory on the first 
floor is drained by 11⁄4” pipe into either a 
wye below the closet bend or into the side 
opening of the vented closet tee. 


Vented Closet Tees - 
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The first-floor 2” water closet vent 
receives the 11⁄4” lavatory vent and con- 
tinues to the second floor. On the second 
floor, the 2” vent is connected to the 11⁄4” 
vent from the second-floor lavatory and 
ties back into the stack at least 6” above the 
flood level rim of the lavatory (approxi- 
mately 3’ above the second floor). The 
second-floor lavatory waste discharges 
into one side of a double wye placed in the 
stack below the closet bend, and the 114” 
bathtub waste discharges into the other 
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side. The bathtub vent is 11⁄4” pipe and 
ties back into the stack. 

Cleanouts are installed on the building 
drain on the inside of the foundation wall, 
at the base of the 144” kitchen sink waste 
stack, on the laundry tray vent stack, and 
on the horizontal branch serving the first- 
floor lavatory waste. Cleanouts are not 
included on the horizontal branches serv- 
ing the second-floor bathtub and lavatory 
because there would be no access to the 
cleanouts in a residence. 


DUPLEX RESIDENCES 


A duplex residence contains similar 
plumbing fixtures on each floor or area 
of the duplex. See Figure 8-5. Each floor 
of the duplex consists of a kitchen with a 
sink, and a bathroom with a water closet, 
lavatory, and bathtub. The basement con- 
sists of a bathroom with a water closet 
and a lavatory, two laundry trays, and a 
floor drain. Based on the DFU Values for 
Common Plumbing Fixtures table, the dfu 
values for the fixtures are the following: 


No. dfu Total 
3 Water closets <n On 18 
3 Lavatories x 1 = 3 
2 Bathtubs x 2 = 4 
2 Kitchen sinks x 2 = 4 
2 Laundry trays ee ee — 4 
if Floor drain mM A S 2 

Total dfu = 5 


The lower end of the building drain is 4”. 
The main stack, which is installed in the 
partition directly behind the water closet. 
is 3” pipe and has bathroom branch con- 
nections on the first and second floors. 
The basement water closet is vented 
with a 2” wet vent, and the 114” basement 
lavatory waste is connected to the 2” vent. 
The 2” vent extends from the basement 
bathroom to the first floor. where it is con- 
nected to vents from first-floor fixtures. 
The laundry trays are connected to a 
11⁄2” common waste pipe and are common 
vented with a 11⁄4” pipe that is connected to 
the vent portion of the kitchen sink stacks. 


Duplex Residence Plumbing Plans ` Figure 8-5 
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Figure 8-5. A duplex residence typically includes similar plumbing fixtures on each floor of the duplex. 


A 1%” pipe is used for the bathtub or below the closet bend. The bathtub is 
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2” vent for the first-floor water closet, 
and this vent extends to the second floor. 
The second-floor bathroom waste pipe 
installation is the same as the first-floor 
bathroom installation. The 2” vent from 
the basement and first-floor fixtures con- 
nects to the 3” stack on the second floor. 

Both kitchen sinks discharge waste into 
the same 11⁄2” waste pipe, and each kitchen 
sink is individually vented with 11⁄4” pipe. 
At the tee where the laundry tray vent 
connects to the first-floor kitchen sink 
vent, the vent is increased to 11⁄2” pipe. 
This 142” pipe continues to the second 
floor to connect to the 11⁄4” vent from the 
second-floor kitchen sink. The vent then 
continues as 11⁄2” pipe to a point below 
the roof, where it is increased to 2” pipe 
before passing through the roof. 

The underground pipe serving the 
kitchen sink, laundry trays, and floor drain 
is 2” pipe because it is a building drain 
branch from a stack. As a branch from a 
stack, it is sized based on the Maximum 
Loads for Building Sewer, Building Drain, 
and Building Drain Branches from Stacks 
table, and it may drain 21 dfu at 1⁄4” slope. 
If this 2” pipe was considered a horizontal 
fixture branch, it would be sized from the 
Maximum Loads for Horizontal Branch 
Drains table, and could only drain 6 dfu. 

Individual vents may be installed to al- 
low the installation to conform to stricter 
plumbing codes. Individual vents would 
need to be installed for the basement lava- 
tory and for the bathtubs on the first and 
second floors. 


MULTIFAMILY DWELLINGS 


Multifamily dwellings, such as apart- 
ments, have greater demands placed on 
the plumbing system than a one-family 
residence. For design efficiency and ease 
of plumbing system installation, common 
fixtures are installed back-to-back with 
one another. When designing plumb- 
ing systems for multifamily dwellings, 
the systems may be broken down into 
individual soil or waste stacks, such 
as a Stack serving the bathrooms and 
another stack serving the kitchens. Each 
unit of a common multifamily dwelling 
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might contain a kitchen sink and a bath- 
room, which includes a bathtub, lavatory, 
and water closet. Based on the DFU Values 
for Common Plumbing Fixtures table, the 
dfu values for the fixtures in a four-unit 
multifamily dwelling are the following: 


No. dfu Total 
4 Water closets x 6 24 
4 Lavatories x 1 = 4 
4 Bathtubs x 2 8 
4 Kitchen sinks X 2 8 

Total dfu = 44 


Bathroom Stack Minimum 
Requirements 

One of the stacks in a multifamily dwell- 
ing serves the bathrooms for the four units. 
See Figure 8-6. The waste portion of the 
soil stack is 3” pipe, since only two water 
closets discharge their waste at one story 
or branch interval. The vent portion of 
the soil stack can be reduced to 2” pipe 
through the roof if there is another full-size 
stack in the building. 

The second-floor water closets empty 
into a 3” sanitary cross in the stack. The 
first-floor water closets drain into a 3” 
sanitary cross, which then discharges 
waste into a 3” wye in the stack, or the 
water closets discharge their waste into a 
vented closet cross. 

The 142” bathtub waste pipes on each 
floor discharge their waste into a common 
2” waste pipe. The waste then drains into 
a wye placed below the water closet waste 
fitting or into the side opening of a vented 
closet cross. A 2” common lavatory waste 
is installed, since 2 dfu are discharged 
into the waste pipe on each floor and the 
pipe is also a wet vent for the bathtubs. A 
maximuin of | dfu may drain into a 114” 
wet vent, and a maximum of 4 dfu may 
drain into a 2” wet vent. 

A 2” vent pipe for the first-floor water 
closet connects to the 14%” vent serving 
the lavatories and bathtubs. The 2” vent 
continues to the second floor to connect to 
the 14” lavatory and then connects to the 
3” stack vent. 


Bathroom Stacks with 
Individually Vented Fixtures 


Individually vented fixtures virtually 
eliminate siphonage and back pressure in 
a drainage system. See Figure 8-7. In this 
installation, the back-to-back lavatory waste 
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pipe is reduced to 14%” pipe with a 114” com- 
mon vent for the two lavatories. The bathtubs 
are vented with a 144” common vent pipe, 
while discharging their waste into 142” waste 
pipes. The remainder of the waste and vent 
piping and sizing is the same as the waste 
and vent pipe sizing in Figure 8-6. 
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Figure 8-6. Back-to-back 
bathrooms are common in 
multifamily dwellings such 
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Figure 8-7. Fixtures can 
be individually vented in 
multifamily dwellings with 


Individually Vented Fixtures 


back-to-back bathrooms. 
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Figure 8-7 
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Kitchen Sink Waste Stacks 

A kitchen waste stack may be installed in 
a multifamily dwelling to convey kitchen 
waste. See Figure 8-8. A 2” pipe is used 
for the lowest portion of the waste stack 
because it receives 8 dfu of discharge (4 
kitchen sinks x 2 dfu = 8 dfu). The portions 
of the stack that receive only the waste from 
first-floor kitchen sinks and only the waste 
from the second-floor kitchen sinks are 
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sized as 2” pipe. Per the Maximum Size for 
Soil and Waste Stacks table, a 11⁄2” waste 
stack cannot be used, since only 2 dfu are 
permitted to drain into a 142” waste stack 
on any one floor or branch interval. 

A 14” pipe is used to vent the kitchen 
sinks. The 114” pipe extends to the second 
floor, where it is connected to the stack vent 
above the second-floor kitchen sinks. The 
144” vent from the second-floor kitchen 
sinks is increased to 14%” at a tee and 


Separate Kitchen Waste Stacks 


in Multifamily Residences - 


Figure 8-8 
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continues to a point below the roof, where 
it is increased to 2” pipe before passing 
through the roof. 


MULTISTORY BUILDING 
BATHROOM STACKS 


Some multistory buildings, such as hotels, 
require only a bathroom stack. Bathroom 
waste and vent pipe connections are indi- 
vidually vented, similar to bathroom waste 


and vent piping in a residence. The bathtub 
trap is wet vented through the lavatory 
waste pipe. See Figure 8-9. 

A 4” soil stack is required for the waste 
from the bathrooms, since there are more 


than six stories or branch intervals of 


bathrooms in the building. Based on the 
Size and Length of Vent Stacks table, a 
3” vent stack is required. The procedure 
for determining the vent stack size is the 
following: 
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Figure 8-8. A separate 
kitchen waste stack may 
be installed in a multi- 
family dwelling to convey 
kitchen waste. 
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1. A total of 72 dfu discharge into the 
waste stack. 


No dfu Total 
8 Water closets x p — 48 
8 Lavatories XS 8 
8 Bathtubs A Amen e 

a Total dfu = 72 
2A 


The developed length of the stack is 80° 
(8 floors x 10° floor-to-ceiling height). 


oo 


In the Size and Length of Vent Stacks 
table, locate the 4” waste stack in the 
left column for the 240 dtu discharge. 
Since the developed length of the 
stack is 80’, a 3” vent diameter is 
required to vent the installation. 


The 3” vent stack is connected to the 
waste stack below the first-floor bathroom. 
The vent stack also has a 3” yoke vent, 
which is installed between the third and 
fourth floors. The vent stack continues to 
the roof where it is either reconnected to the 
4” soil stack or extended through the roof. 


TWO-STORY INDUSTRIAL 
BUILDING BATHROOM 
PIPING 


In public and some private buildings, 
gender-specific bathroom facilities 
must be provided. A women’s bathroom 


typically includes water closets and 
lavatories. while a men’s bathroom 
includes water closets, lavatories, 
and urinals. See Figure 8-10. The 
men’s bathroom, located on the first 
floor, contains two water closets, two 
wall-hung urinals with 2” traps, and 
two Javatories that are located on the 
same wall. The women’s bathroom, 
located on the second floor, contains 
four water closets and four lavatories. 
The women’s bathroom fixtures are 
located on the same wall as the men’s 
bathroom fixtures. 

The first-floor water closets are con- 
nected to a 4” horizontal branch pipe, 
which is connected to the 4” stack. The 
horizontal branch pipe is sized per the 
Maximum Loads for Horizontal Branch 
Drains table. The other end of the hori- 
zontal branch pipe is reduced to 242” 
pipe to receive the first-floor urinal and 
lavatory wastes. 


No = =———~<“<t~*i‘SC‘SSCTtcal 
2 Wall-hung urinals x 4 = 8 
2 Lavatories 1 = ae 

Total dfu = 10 


However, piping sized with 212” pipe 
would be constructed with 3” pipe since 
2%" pipe and fittings are not available. 

At the first urinal, the horizontal waste 
pipe is reduced to 2” pipe. After the sec- 
ond urinal, the waste pipe is reduced to 
1/2” pipe for the portion that receives 
the waste from both lavatories. and then 
is reduced again to 11⁄4” pipe for the last 
lavatory waste. 

The urinals and lavatories are indi- 
vidually vented with 114” pipe. The 114” 
individual fixture vents are connected to 
a 1⁄4” horizontal vent pipe, which is in- 
creased to 11⁄2” pipe after the second urinal 
vent. The horizontal vent pipe receives the 
2” individual vents from the water closets 
and is then extended to the second floor, 


where the 2” vent pipe is connected to the 
second-floor horizontal vent pipe. 


An aerial lift may be used to position plumbers above previously placed items 
or built-in furniture when making repairs or installing new piping. 
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Bathtubs in Multistory Bathroom Stacks = Figure 8-9 
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Figure 8-9. The bathtubs 
in a multistory bathroom 
stack may be wet vent- 
ed through the lavatory 
waste pipe. 
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Figure 8-10. Public and private buildings may have gender-specific facilities. 
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The second-floor water closets dis- 
charge their waste into a 4” horizontal 
branch pipe, which is connected to the 
4” stack. The other end of the hori- 
zontal branch is reduced to 2” pipe to 
receive the waste from four lavatories. 
After the first lavatory waste, the hori- 
zontal branch pipe is reduced to 11⁄2” 
pipe for the waste from the next two 
lavatories, and then is reduced again to 
11⁄4” pipe for the last lavatory waste. 

The lavatories on the second floor 
are individually vented with 11⁄4” 
pipes, which are connected to a 11/4” 
horizontal vent pipe. The horizontal 
vent pipe is increased to 2” pipe where 
the 2” individual vent of the first water 
closet is connected to it. Fhe 2” hori- 
zontal vent pipe continues toward the 
4” stack vent, and is connected to the 
2” individual vents from the remaining 
water closets. A 2” tee is provided for 
the connection for the 2” vent from the 
first-floor bathroom, before the vent 


is connected to the stack vent. 


TWO-STORY OFFICE 
BUILDING BATHROOM 
PIPING 


Buildings with a larger occupancy 
require a larger number of fixtures 
to provide adequate facilities for the 
occupants. If possible. the men’s and 
women’s bathrooms are located back- 
to-back on each floor so the waste 
and vent piping can be economically 
installed. See Figure 8-11. 

Each of the men’s bathrooms con- 
tains four wall-hung water closets, two 
urinals with 2” traps, three lavatories, 
and a 2” floor drain between the urinals. 
Each of the women’s bathrooms con- 
tains five wall-hung water closets, four 
lavatories, and a 2” floor drain between 
the first and second water closet stalls. 

The wall-hung water closets in both bath- 
rooms are back-to-back on a common wall. 
while the other fixtures are on the opposite 
bathroom walls. Wall-hung water closet 


supporting chair carrier fittings are avail- 
able in a variety of styles to accommodate 
most installations. See Figure 8-12. 

Water closets on both floors are connect- 
ed to a 4” horizontal branch constructed 
with water closet supporting chair carrier 
fittings. The back-to-back water closets 
are common vented with 2” pipe, and the 
remaining water closet in the women’s 
bathroom also has a 2” vent. The first- 
floor water closet vents are connected to 
a 2” horizontal vent that extends to the 
ceiling, where the vent receives a 11⁄4” 
vent from the women’s bathroom lava- 
tories and the 11⁄4” vent from the men’s 
bathroom urinals and lavatories. The 2” 
vent continues to the second floor, where 
it connects to the 4” stack vent. 


A 3”x 2” reducer is used to increase the vent pipe size to accommodate 


additional fixtures. 


The first-floor women’s bathroom 
lavatories are individual 11⁄4” waste 
pipes. The horizontal waste pipe, which 
receives the individual 11⁄4” lavatory 
wastes, is increased to 11⁄2” pipe at 
the second lavatory waste pipe, and 
then to 2” pipe at the fourth lavatory 
waste pipe. The 2” waste pipe extends 
toward the stack, where it receives the 
2” waste pipe from the women’s bath- 
room floor drain before it discharges 
into a double wye in the 4” stack. 
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Waste and Vent Pipe Installation for Plumbing Plans == Figure 8-11 
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Figure 8-11 A waste and vent pipe installation for a typical two-story office building has men’s and women's 
bathrooms back-to-back on each floor 
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hung water closets. 


The horizontal waste pipe for the first- 
floor men’s bathroom is 11⁄4” pipe for the 
first lavatory and 11⁄2” pipe for the second 
and third lavatories. The 11⁄2” horizontal 
waste pipe is increased to 2” for the first 
urinal and to 21%” for the second urinal. 
The 242” waste pipe extends toward the 
stack, receiving the waste from the 2” 
floor drain under the urinals. The waste 
pipe then discharges into the double wye 
in the 4” stack. 

The individual vents for the first-floor 
men’s bathroom lavatories and urinals is 
11⁄4” pipe. The horizontal vent pipe for the 
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Figure 8-12. Water closet supporting chair carrier fittings are used to support wall- 


lavatory vents is 144”, but is increased to 
142” pipe at the first urinal connection. 
The 1/2” vent continues upward, where it 
is connected to a 2” vent from the water 
closets. The first-floor women’s bathroom 
lavatory vents are 11⁄4” pipe. The primary 
differences in piping between the first- 
and second-floor bathrooms is that the 2” 
horizontal vent pipe for the water closets, 
the 114” vent from the women’s bathroom 
lavatories. and the 142” vent from the 
men’s bathroom lavatories and urinals on 
the first floor are connected directly to the 
4” stack vent. 
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REVIEW QUESTIONS 


1. Give the abbreviations or symbols for the following: 
A. Waste pipe 
. Cleanout 
. Vent pipe 
. Floor drain 
. Size of pipe 
dfu value 


. Stand pipe 


an @\e esl ps) ie er ee, 


. Laundry tray 
2. Define “stack group.” 
3. What is the purpose of a vented closet tee? 


4. Why are common fixtures installed back-to-back with one another in multifamily 
dwellings? 


5. What is the advantage of individually vented fixtures? 
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very plumbing fixture must have 

a trap. A trap is a fitting or device 

that. when properly vented, pro- 
vides a liquid seal in drainage piping to 
prevent the escape of sewer gases into a 
living area without materially affecting 
the sewage or wastewater flow through 
it. Sewer gases are generated by the de- 
composition of organic materials within a 
sewer. Even though it is improbable that 
sewer gases would transmit waterborne 
diseases such as dysentery, the gases can 
have serious effects on the human body. 
Individuals cannot remain healthy if the 
air they breathe contains large quantities 
of hydrogen, hydrogen sulfide, methane, 
or carbon dioxide—and carbon monoxide 
within an unventilated building, even in 
small quantities, may be fatal. 

A plumbing system is subject to nega- 
tive and positive pressures because of 
situations such as simultaneous fixture 
discharge or an overburdened drainage 
system. A well-designed vent system 
is essential to maintaining a constant 
pressure of | atmosphere (14.7 psi at 
sea level), which makes a trap effective. 


TYPES OF TRAPS 


Traps prevent sewer gases from entering 
a living area by providing a liquid seal 
in drainage piping. Traps were originally 
mechanical devices or had internal par- 
titions to stop the flow of sewer gases. 
However, mechanisms and partitions 
within the original traps corroded and 
fouled due to the acid conditions within 
the drainage system, allowing sewer 
gases to enter the living area. 


Minimum trap sizes are specified in 
plumbing codes. See Figure 9-1. Fixtures 
that do not have an integral (built-in) trap 
must have a trap installed in the waste line 
as close to the fixture as possible. Water 
closets, urinals, and floor drains typically 
have integral traps and do not require an 
additional trap installed in the waste line. 


Clothes washer 


TRAP SIZES FOR COMMON PLUMBING FIXTURES 


$ Minimum 


T% 


Bathtub with or without shower 


1⁄2 


Drinking fountain 


Dishwasher, domestic 1% 
Dishwasher, commercial | 2 
FLOOR DRAIN: 

2” waste 2 


3” waste 
4” waste 


Lavatory 114 
Laundry tray (one- or two-compartment) 1v2 
Shower stall, domestic 11 


SINK: 
Combination, sink and tray 
(with disposal unit) 
Combination, sink and tray (with one trap) 


Domestic 1v2 
Domestic, with disposal unit {Vo 
Service 2 


Soda fountain 


Commercial, flat rim, bar, or counter 


Wash, circular, or multiple (per set of faucets) 


URINAL: 
Wall-hung, 2” trap 


Wall-hung, 11⁄2” trap 


Trough (per 6’ section) 


* 


in in. 


Figure 9-1. Minimum trap sizes are specified in plumbing codes. 


ao 


P-traps must be installed 
as close to fixtures as 


possible. 


Figure 9-2. A trap must 
have a cleanout or be 
easy to disassemble. 


Always refer to the plumbing code in 
effect in the local jurisdiction to identify 
approved trap sizes. 

A trap must be provided with a cleanout 
or be designed so the trap can be easily 
disassembled. See Figure 9-2. An ac- 
cessible trap is a cleanout for the fixture 
branch serving the individual fixture. 


P-Traps 


P-traps must be installed as close to fix- 


tures as possible to reduce fouling on the’ 


inlet side of the trap. A P-trap, or ¥%S-trap, 
is a type of trap with a dip (lowered area) 


Cleanout Plugs —.... 


for retaining wastewater to form a seal 
against sewer gases entering a living area. 
Each time a fixture is discharged, water is 
retained in the dip to form a trap seal. A 
trap seal is the vertical distance between 
the crown weir and the top dip of a trap. 
See Figure 9-3. 

P-traps are available as common seal 
and deep-seal P-traps. See Figure 9-4. 
A common seal P-trap is a P-trap with a 
2” to 4” trap seal. A common seal P-trap 
is typically used on plumbing fixtures. A 
deep-seal P-trap is a P-trap with a trap seal 
over 4”. Deep-seal P-traps are primarily 
used for applications where a trap seal 
may evaporate or where adequate venting 
cannot be obtained, such as floor drains 
and indirect waste pipes. Indirect waste 
pipe is waste pipe that does not connect 
directly to a drainage system but conveys 
liquid waste by discharging into a plumb- 
ing fixture, interceptor, or receptacle that 
is directly connected to a drainage system. 
Disadvantages of deep seal P-traps are 
the following: 

e Resistance to wastewater flow through 
the trap is increased because of a 
deeper trap seal. 


e More depth is required for installation 
of a deep-seal P-trap because of greater 
overall depth of the trap. 


Figure 9-3 
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Figure 9-3. A P-trap is the most commonly used trap for a drainage system. 
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P-traps are available in 1⁄4” to 6” di- and 114” traps are installed with chrome- 
ameters and are constructed of various plated tubular brass or plastic P-traps. 
materials such as soil pipe, brass, DWV Traps must have a smooth and uniform 
plastic, or other approved material. See interior surface so waste does not accu- 
Figure 9-5. Plumbing fixtures with 144” mulate and create a stoppage. 


P-Traps - =a Figure 9-4 
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Figure 9-4. Common seal 
P-traps have 2” to 4” trap 
seals, while deep-seal 
P-traps have 4” minimum 
trap seals. 


Figure 9-5. A variety of 
materials are used for 
P-traps. 
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Figure 9-6. P-traps are 
installed for wall-hung 
and floor-set fixtures that 
do not have integral traps. 


ml 


Trap nuts should be 
tightened firmly so the 
trap is rigid when the 
installation is complete, 
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P-traps are installed for wall-hung and 
floor-set fixtures that do not have integral 
traps. See Figure 9-6. P-traps should be 
installed as close to the fixture as possible. 
To reduce the velocity of the waste enter- 
ing the trap and the possibility of fouling, 
the maximum distance between the fixture 


outlet and the crown weir should not be 
greater than 24”. The distance from the 
crown weir to the outlet connection with 
the waste system should also be as short 
as possible to provide adequate venting of 
the trap. Traps should be protected against 
freezing Where necessary. 


P-Trap Installations - Figure 9-6 
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Antisiphon P-Traps. Antisiphon P-traps 
may be required in certain installations. 
An antisiphon P-trap is a P-trap with a 
large bowl on the outlet leg of the trap 
that is designed with increased resealing 
properties. See Figure 9-7. The additional 
resealing property of an antisiphon P-trap 
is provided by a larger volume of water 
retained in the trap. Antisiphon P-traps 
are effective when installed under normal 
conditions and when the installation is 
relatively new. If greasy waste is dis- 
charged into the trap, the bowl diameter 
is reduced and the resealing property of 
the trap is diminished. 


Running Traps 
Running traps provide trap seal protec- 
tion for area drains, storm water leaders. 
and downspouts. A running trap is a 
plumbing trap in which the inlet and 
outlet are aligned horizontally, with 
a dip between the inlet and outlet to 
retain wastewater. Some running traps 
also have vent or cleanout connections. An accessible P-trap is considered to be an 
See Figure 9-8. Running traps are also eee oe ere vig 
used on building drains in jurisdictions pipe serving the fixture. Proper P-trap in- 
i ae l ; stallation ensures easy access to the pipe 
where the plumbing code requires that 
the building drain be trapped. 


P-traps must be properly supported to prevent leaking. 


{ Pa 


in case of stoppage, maintenance, or repair. 


Antisiphon P-Traps —— TE | Figure 9-7. Antisiphon 
i B - P-traps provide additional 
resealing properties. 
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Figure 9-8. Running traps 
provide trap seal protec- 
tion for area drains, storm 
water leaders, and down- 
spouts. 
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Running Traps 
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NO-HUB 


| Figure 9-8 


Drum Traps 

Drum traps are typically used for spe- 
cialized installations, such as in labora- 
tories and dental offices, and for other 
fixtures that are difficult to properly vent, 
to prevent the loss of the trap seal by 
siphonage. A drum trap 1s a cylindrical 
plumbing trap in which the body of the 
trap 1s in a vertical axis. Drum traps are 
available in a variety of styles depend- 
ing on the material from which they are 
made. See Figure 9-9. 

One advantage of a drum trap is that 
it contains a larger volume of water 
than a P-trap and provides greater 
resealing properties than a P-trap. A 
drum trap can be used for fixtures that 
discharge large volumes of wastewa- 
ter, such as bathtubs, since trap seal 
loss is more common in those fixtures. 
See Figure 9-10. 

Drum traps have a few disadvantages, 
however. Since drum traps retain a large 
volume of wastewater, they may become 
a miniature cesspool if the fixture is not 
used regularly. In addition, since the 
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cleanout of a drum trap is above the trap 
seal, sewer gases can enter the living area 
unless a lubricant and a pliable washer 
are installed between the cleanout cover 
and the trap body. Many plumbing codes 
limit or prohibit drum traps in new con- 
struction within living areas. 


Drum traps were originally designed 
for use with bathtub drains based on 
the volume of water discharged from the 
bathtub. However, drum traps are now 
primarily used for specialized installa- 
tions such as laboratories and dental 


| Offices. 


PROHIBITED TRAPS 


Traps prevent sewer gases from entering 
the living area of a building. Laboratory 
tests have proven that certain traps do not 
adequately prevent sewer gases from en- 
tering the living area, and are prohibited 
from being installed in a drainage system. 
See Figure 9-11. Prohibited traps include 
the following: 


e S-traps 

e bell traps 

e bag traps 

e mechanically sealed traps 

e internal partition traps 

* traps constructed from fittings 


A % or full S-trap may be encountered in 
existing plumbing systems, but should not 
be installed in new plumbing systems since 
it does not permit adequate fixture vent- 
ing. A % S-trap is a prohibited S-shaped 
plumbing trap with an outlet extending 
downward at an angle from the crown 
weir. A full S-trap is an S-shaped plumb- 
ing trap with an outlet extending vertically 
downward from the crown weir. Full and 
¥4 S-traps allow waste to flow from the 
fixture at a high velocity, siphoning the 
trap seal. 


> - are used for specialized 


installations, as in labora- 


iia tories and dental offices, 
CLEANOUT i T and for other fixtures that 
an are difficult to properly 
OUTLET vent. 


SOUMEET 


INLET 
INLET 
4x5 CAST 4x 8 CAST 
IRON DRAINAGE IRON DRAINAGE 


CLEANOUT -7 
TOULET 


INLET 
3x6 
DWV PLASTIC 


Drum Trap for Bathtubs — 


Figure 9-10 


CLEANOUT — 


SUBFLOOR 


JOIST 


DRUM TRAP 


Figure 9-10. Drum traps are used on fixtures that discharge large volumes of wastewater. 
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Figure 9-11. Prohibited Prohibited Traps — 
aps oo fol aceccvaic eee 
prevent sewer gases from 
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PARTITION 


OUTEET 


PARTITION 


lA 


OUTLET 


INTERNAL PARTITION 


A P-trap should not be connected to 
long-turn T-Y fittings or an unvented fix- 
ture drain since the combination creates 
an S-trap. In addition, two fittings should 
not be connected to offset the outlet of a 
P-trap downward since this combination 
also creates an S-trap. 

Many plumbing codes prohibit full 
S-traps except when replacing a similar 
trap when repairing a drainage system, or 
when the S-trap is an integral part of a water 
closet. Integral S-traps are used on water 
closets because the self-siphoning action 
of the trap is essential to the flushing action. 
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A bell trap is a prohibited trap in 
which a trap seal is formed between a 
bell or cap and a raised metal rim of a 
depressed bowl. Bell traps were com- 
monly used for indirect or local wastes, 
such as old-fashioned ice boxes and 
similar fixtures. A bag trap is a prohib- 
ited trap in which the inlet and outlet of 
the trap are in vertical alignment with 
each other. Due to the vertical alignment 
of the trap inlet and outlet, waste exiting 
a fixture accelerates and siphons the trap 
seal. A mechanically sealed trap is a pro- 
hibited trap in which a movable internal 


mechanism forms a trap seal. Dissolved 
and suspended material contained in 
waste corrodes the movable parts of a 
mechanically sealed trap, causing the 
trap to fail. One type of mechanically 
sealed trap used a hollow metal ball, 
which dropped into a concave seat after 
waste was discharged through the trap. 
Waste adhering to the seat would not al- 
low the ball to completely seal the trap. 
Other prohibited traps were designed 
with internal metal partitions, which 
were subjected to the acidic conditions 
of waste. Even though the traps were 
compact and had a neat appearance, the 
metal partitions corroded and caused the 
traps to fail. 

While P-traps or running traps could 
be constructed from individyal fittings, 
many plumbing codes prohibit the use 
of these traps. Traps constructed from 
fittings usually have a trap seal depth 
greater than 4” and a trap seal length 
greater than 6” because of the length 
and turn radius of the fittings. One 
combination of fittings that conforms to 
trap seal depth and length requirements 
is areturn bend and a 90° street elbow. 
See Figure 9-12. Always refer to the 
plumbing code in effect in the local 
jurisdiction to determine approved and 
prohibited traps. 


P-Trap Construction 
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Figure 9-12. A P-trap constructed with 
a return bend and 90° street elbow 
conforms to trap seal depth and length 
requirements. 


TRAP SEAL LOSS 


One of the most common and objection- 
able occurrences in a drainage system 
is trap seal loss. Trap seal loss can be 
directly attributed to inadequate trap 
venting and the subsequent negative and 
positive pressures that occur in the system. 
Trap seal loss is caused by the following: 
e siphonage 


e back pressure 

e evaporation 

e capillary attraction 
e leaks 


e wind effect 


Trap Siphonage 


Trap seal loss due to siphonage is the re- 
sult of negative pressure in the drainage 
system. Trap siphonage is the process 
of conveying liquid through a pipe by 
means of suction. Trap siphonage occurs 
as the trap seal contents are forced into 
drainage system piping by atmospheric 
pressure on the fixture side of the trap 
seal. Trap seal siphonage occurs in two 
forms—self-siphonage and trap siphonage 
by momentum. 


Self-Siphonage. Se/f-siphonage is a type 
of trap siphonage that is the result of un- 
equal atmospheric pressures caused by the 
rapid flow of wastewater through a trap. 


Leaks are the primary 
cause of trap seal loss. 
Check trap nuts to en- 
sure that they are tight 


and are not leaking. 


A P-trap constructed with a return bend and a 90° street elbow is permitted 
by all plumbing codes. 
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Figure 9-13. Self- 
siphonage is the result 
of unequal atmospheric 
pressures caused by the 
rapid flow of wastewater 
through a trap. 


Self-siphonage commonly occurs 
in unventilated traps that serve oval- 
bottomed fixtures, such as lavatories or 
small service sinks. Oval-bottomed fix- 
tures discharge their contents abruptly 
and do not allow the small amount of 
wastewater needed to reseal the trap to 
remain in the trap. The self-siphonage 
process is the following: 


l. The trap seal is originally intact and is 
in a neutral position. See Figure 9-13. 
The trap inlet and outlet are subjected 
to equal atmospheric pressure. 


Self-Siphonage = 


Wastewater is discharged from the 
fixture when the waste fitting is 
opened. Wastewater rushes through 
the trap and into the fixture drain pipe. 
Air in the fixture drain pipe is replaced 
by the wastewater, resulting in a nega- 
tive pressure in the drain pipe. 


Atmospheric pressure on the inlet 
side of the trap continues to force the 
wastewater from the trap until the seal 
is broken. If the trap or fixture does not 
have an adequate resealing property, 
the trap seal remains broken, allowing 
sewer gases to enter the living area. 
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Traps for flat-bottomed fixtures, such Traps used to be crown vented. A crown 
as kitchen sinks and laundry trays, are vent is a vent pipe connected at the up- 


also subject to self-siphonage, but the seal permost point in the crown of a trap. See Plugged or blocked pip- 
content is not entirely removed because Figure 9-15. However, when a crown ing contributes to self- 
the last trickle of water from the fixture is vent was installed, some of the fixture siphonage. It should be 


ensured that piping is 
free of obstructions and 
that wastewater is flow- 
ing freely. 


adequate to replenish the trap seal. waste was carried into the vent pipe by 
Self-siphonage may also result from momentum and would eventually block 
improper fixture trap venting. Plumbing the vent pipe. Therefore, crown venting 
codes require the vent opening to be ator is prohibited by plumbing codes. 
above the crown weir of the trap it serves. 
In addition, codes specify a maximum 
distance from the trap to its vent to avoid 
the self-siphonage. See Figure 9-14. 


Plumbing codes also require that vents ^A trap seal in a fixture drain prevents 
are not installed within two pipe diameters sewer gas from entering a building 
of the crown weir. For example, a vent must 
not be installed closer than 3” from a 11⁄2” 
maze = 3°). 


through the fixture by trapping water in 
the drain. A 2” to 4” trap seal is com- 
k monly used in P-traps. 


Fixture Trap Venting ——...... — Figure 9-14 Figure 9-14. Plumbing 
: p- codes specify a maximum 
distance from the trap to 
its vent. 
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Figure 9-15. Most plumb- 
ing codes no longer per- 
mit crown-vented traps. 
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Siphonage by Momentum. Trap seal loss 
also occurs indirectly by the momentum 
of wastewater as the wastewater passes a 
fixture trap outlet. Siphonage by momen- 
tum results from a negative pressure in 
the waste piping caused by discharge of 
wastewater from an upper-level fixture 
into a fixture drain pipe that also serves 
a fixture installed at a lower level. The 
discharge of the higher fixture siphons the 
trap of the lower fixture. See Figure 9-16. 

When fixtures are not in use, the fix- 
ture drain pipe and living area where the 
fixtures are located are subjected to equal 
atmospheric pressure. The trap seal con- 
tents of both fixtures remain intact because 
of the equal pressure. When the contents 
of the second-floor fixture are discharged 
into the fixture drain, the wastewater 
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rushes past the trap outlet of the first-floor 
fixture and lowers the pressure on the trap 
leg. Negative pressure occurs in the first- 
floor trap outlet and the trap seal is forced 
from the trap by atmospheric pressure. 
There is no possibility of resealing under 
these circumstances. When the trap seal 
of the lavatory is lost, sewer gases enter 
the living area through the fixture trap. 


Back Pressure 


Back pressure is often responsible for 
trap seal loss in large plumbing installa- 
tons. Back pressure is a backflow condi- 
tion caused by downstream pressure in 
the water distribution pipe being higher 
than the water supply pressure. Where 
sufficient pressure is present, the contents 
may strike the ceiling of the room. 


Trap Seal Loss 


| Figure 9-16 


Figure 9-16. Trap seal loss can be 
caused by the discharge of an upper- 
level fixture into a fixture drain pipe that 
also serves a lower-level fixture. 


Fixtures in which back pressure oc- 
curs are usually located at the base of 
soil stacks or where soil pipe abruptly 
changes its direction. Wastewater flow 
in a soil pipe varies. A single fixture 
may produce only a small trickle of 
wastewater that spirals down the inside 
surface of the pipe. A large volume of 
wastewater may completely fill the soil 
pipe. The compressed sewer gases, which 
offer resistance to the wastewater flow, 
are unable to flow past the wastewater 
to exit the system at the roof terminal. 
As the wastewater moves down the soil 
pipe, the atmospheric pressure within the 
pipe increases. When the trap seal can no 
longer resist the pressure, the contents 
of the trap seal are forced into the living 
area. The back pressure process in a typi- 
cal installation is the following: 


1. The trap seal is originally intact and is 
in a neutral position. See Figure 9-17. 


I9 


When the upper-floor fixture is dis- 
charged, wastewater and air begin their 
descent down the soil stack. 


3. As the wastewater flows down the 
stack and into the horizontal building 
drain, turbulence develops at the base 
of the stack and wastewater completely 
fills that section of the building drain. 


4. The continued downward flow of waste- 
water, which has completely filled the 
stack, compresses the trapped air. 


5. Back pressure forces the basement 
water closet trap seal contents into the 
living area. 


The back pressure situation can be cor- 
rected by moving the water closet piping at 
least 8’ away from the base of the soil stack, 
and by properly venting the water closet. 


Evaporation 


Evaporation is a means of trap seal loss 
caused by the contents of the trap being 
absorbed into the surrounding air. Typi- 
cally, the rate of evaporation is increased 
with higher temperatures. Under ordinary 
conditions, a trap seal will take many 
weeks to evaporate. Regular use of a fixture 
will entirely eliminate the possibility of 
trap seal evaporation. Deep seal traps are 
recommended for fixtures that are used 
infrequently since deep seal traps retain a 
greater volume of water used as a trap seal. 

A trap primer can be installed to pre- 
vent trap seal loss by evaporation in floor 
drains. A trap primer is a device that adds 
a small amount of water to a floor drain 
trap to ensure an adequate trap seal. The 
water enters the trap through a primer 
tube connection in the P-trap or the floor 
drain body. 

Three“types Of trap primers are 
available—automatic trap primer, water- 
saver trap primer, and vacuum breaker 
trap primer. An automatic trap primer 
is a device with an integral air gap that 
is installed in a cold water supply pipe 
and diverts a small amount of water 
to a floor drain P-trap to ensure an 
adequate trap seal. See Figure 9-18. 
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Back pressure is caused 
by positive pressure in 
waste piping and forces 
the trap seal contents 
into the living area. 


28] 


Back Press Figure 9-17 
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Figure 9-17. Fixtures in which back pressure occurs are usually located at the base of soil stacks or where soil 
pipe abruptly changes its direction. 
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When water is drawn from the supply 
fixture, the resulting flow activates the 
trap primer valve mechanism. A small 
amount of water is dispensed into the 
trap at the beginning and end of each 
use of the supply fixture. Air ports in 
the trap primer body prevent siphon- 
age of the trap seal contents into the 
water supply piping. An automatic trap 
primer must be installed 12” minimum 
above the top of the floor drain body and 
in a location that is accessible for main- 
tenance and inspection. 

A water-saver trap primer is a trap 
primer that uses the temporary head of 
water created when a lavatory is dis- 
charged to cause an overflow into the 
trap primer tube. A small amount of 
wastewater flows by gravity to the trap 
primer connection in the floor drain P- 
trap. See Figure 9-19. The trap primer 
connection is located 18” above the trap 
seal contents. 

A vacuum breaker trap primer is a 
trap primer that is tapped into the side 


Zurn Industries 


of the vacuum breaker tube on a water 
closet flushometer valve. Each time the 
water closet is flushed, a small amount 
of water is diverted by the deflector tube 
through piping to the floor drain body. 
See Figure 9-20. 


Figure 9-18. An automatic 
trap primer diverts a small 
amount of water from a 
cold water supply pipe to 
a floor drain to ensure an 
adequate trap seal. 


A P-trap is used to prevent sewer gases from entering a building. 
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Figure 9-49. A water-saver 
trap primer uses the tem- 
porary head of water cre- 
ated when a lavatory is 
discharged. 
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Capillary Attraction 

Trap seal loss due to capillary attraction 
can also occur. Capillary attraction is 
the upward movement of liquid, such 
as the contents of a trap seal, through 
the fibers or cellular structure of a ma- 
terial. Capillary attraction is caused 
by a foreign object in the trap, such 
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as a rag, string, lint, or hair, which 
extends over the outlet arm of the 
trap. See Figure 9-21. The foreign ob- 
ject absorbs the trap seal liquid contents 
until the liquid drips from the end of 
the object extending into the trap outlet 
arm. The water then flows rapidly from 
the trap and the trap seal is soon lost. 
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Figure 9-20. A vacuum breaker trap 
primer is connected to a water closet flush- 
ometer valve below the vacuum breaker. 


Capillary Attraction — 


CS 


N- STRING, RAG, 
OR HAIR 


Figure 9-21. Capillary attraction is 
caused by foreign material that extends 
over the outlet arm of a trap. 


Leaks 


Leaks in the trap also cause trap seal loss. 
Fixture traps must be tested after installa- 
tion to ensure that they retain the proper 
amount of water. Traps must be protected 
from freezing as freezing and thawing of 
the trap seal contents can crack or break 
traps, allowing them to lose their trap 
seal contents. 

Trap leaks commonly occur under 
lavatory or kitchen sink cabinets used 
for storage of supplies. As supplies are 
placed and moved about under the cabi- 
nets, the supplies come into contact with 
traps and drain pipes, loosening them and 
allowing the traps to leak. 


Wind Effects 

High-velocity wind passing over a soil 
stack roof terminal also affects the trap 
seal. A downdraft created by the wind 
ripples the trap seal contents and forces 
a small volume of the contents over the 
outlet arm of the trap and into the system. 
While it is improbable that the entire trap 
seal will be displaced due to wind effects, 
precautions such as terminating the soil 
stack away trom valleys, gables, or abrupt 
roof projections should be taken. 


High-velocity wind passing over the soil 


stack creates low pressure in the stack. 
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Exposed P-traps of ADA-compliant lavatories must be covered or shielded. 
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REVIEW QUESTIONS 


i 
2. 


10. 
l1. 
12. 
13. 
14 
15. 
16. 
17. 


Why must every plumbing fixture have a trap? 


There are two major areas of concern in designing plumbing traps—mechanical 
and health-related. Why are they design concerns? 


. How is drainage system venting related to trap seals? How is atmospheric pres- 


sure related to trap seals? 


. Define the term “reseal” as related to a plumbing trap. 


. Describe the relationship between the trap arm length and the effectiveness of 


a trap seal and its vent. 


. A P-trap should not be installed close to a long-turn T-Y drainage fitting. Why? 
. Explain why a P-trap should not be connected to a trap arm that has a vertical offset. 
. State a reason a P-trap should not be connected to an unvented fixture drain pipe. 


. Explain the meaning of the following terms as they relate to trap seal loss: 


A. Self-siphonage 

B. Back pressure 

C. Siphonage by momentum 
D. Capillary attraction 


What is the difference between a common seal and deep-seal P-trap? 

List two disadvantages of deep-seal P-traps. 

What is one advantage of drum traps? 

Identify four prohibited traps and briefly explain why they were prohibited. 
Are crown-vented S- and P-traps prohibited? Why or why not? 

What is the purpose of a trap seal primer? 

Identify three types of trap seal primers and briefly describe the operation of each. 


Explain how high-velocity wind passing over a roof terminal affects the trap seal. 


PLUMBING DESIGN AND INSTALLATION 


he building water supply system 

must be sized properly so that the 

pipes can convey an adequate 

supply of water to the plumbing fixtures 

and appliances to allow them to function 
properly. f 

The five factors that determine the size 

of water supply piping are the following: 


e available water pressure 
e fixture demand 

e length of the piping 

e height of the building 


* flow pressure needed at the top floor 


AVAILABLE W/ATER 
PRESSURE 


The available pressure is the water pres- 
sure in the street water main or other sup- 
ply source. Common street water main 
pressure is from 45 psi to 60 psi. Water 
pressure within a building must never 
exceed 80 psi. If the street water main 
pressure exceeds 80 psi, a pressure- 
reducing valve must be installed on the 
water service at the point where the pipe 
enters the building. See Figure 10-1. A 
pressure-reducing valve is a device that 
lowers high and/or fluctuating water 
pressure to a lower and constant pressure 
appropriate for plumbing fixtures and ap- 
pliances. When street water main pressure 
fluctuates widely throughout the day, the 
water supply system of the building must 
be designed on the basis of the minimum 
pressure available. 


Pressure-Reducing Valves 


1 
BUILDING 


FROM WATER MAIN 
OR OTHER SOURCE 


Figure 10-1 nr ram 


FIXTURE DEMAND 


Each plumbing fixture served by the water 
supply system has a specified flow rate. 
Flow rate is the volume of water used by 
a fixture within a given amount of time. 
Flow rate is measured in gallons per minute 
(gpm). See Figure 10-2. The total demand 
on a water supply system if all fixtures are 
used simultaneously is determined by 


Figure 10-1. A pressure- 
reducing valve lowers high 
and/or fluctuating water 
pressure to a lower and 
constant pressure appro- 
priate for plumbing fixtures 
and appliances. 


Figure 10-2, Minimum 
flow rates for fixtures and 
appliances must be con- 
sidered when designing 
water supply systems. 


The water supply fixture 

unit (wsfu) is a measure 

of the estimated demand 
| of a plumbing fixture. 
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adding the minimum flow rates for all 
the plumbing fixtures within a building. 
However, all plumbing fixtures in a build- 
ing are rarely used simultaneously. 


MINIMUM FLOW RATES FOR 
COMMON PLUMBING FIXTURES 


Type of Fixture 


Standard lavatory faucet 

Self-closing basin faucet 

Sink faucet, 3s” 

Sink faucet. 1⁄2” 

Bathtub faucet 

Laundry tray faucet, 2” 

Shower 5.0 

Ball cock for water closet 3.0 

Flushometer valve for water closet 15 to 35 

Flushometer valve for urinal 15.0 

Drinking fountain 0.75 

Sillcock or wall hydrant 5:0 
* in gpm 


A system estimates the total demand on a 
water supply system, based on the reason- 
able assumption that plumbing fixtures 
are not all used simultaneously. A water 
supply fixture unit (wsfu) is a measure of 
the estimated water demand of a plumbing 
fixture. A plumbing fixture, such as a sink, 
water closet, or lavatory, is assigned a wsfu 
value based on the following: 


e fixture flow rate when the fixture is used 


e average time water is actually flowing 
when a fixture is being used 


e frequency that the fixture is used 


For example, a domestic dishwasher for 
private use has a 2 wsfu demand. A dish- 
washer for public use, such as in a restau- 
rant. has a4 wsfu demand since a domestic 
dishwasher does not use as much water and 
is not used as frequently as a dishwasher in 
a restaurant. 

The type of dwelling in which the fix- 
ture is installed must also be considered 
when a wsfu value is assigned. Fixtures 
installed in private or private-use dwell- 
ings are not used as frequently as public 
or public-use fixtures. In plumbing 
fixture classification, private or private-use 
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fixtures are installed in residences, apart- 
ments. individual hotel bathrooms, and 
similar installations where fixtures are 
intended for use of one family or in- 
dividual. Public or public-use fixtures 
are installed in areas where the gen- 
eral public is admitted, such as schools or 
public restrooms in retail stores, and 
other installations where fixture use is 
generally unrestricted. 


TYPES AND LENGTHS 
OF PIPING 


Water in street water mains is typically un- 
der a pressure of 45 psi to 60 psi, which is 
adequate to serve a moderate-size plumbing 
installation. Water in a water supply pipe 
connected to a street water main is under 
the same pressure as the main while water 
within the pipe is at rest. However, when 
water is suddenly drawn from the pipe, 
such as when a fixture is used, a decided 
pressure drop results at the outlet. Pressure 
loss due to friction is the pressure variation 
resulting from friction within the pipe be- 
tween a street water main and water supply 
outlet where the water is being used. 

Pressure loss due to friction occurs in all 
water supply piping due to the resistance 
resulting from water contacting the inte- 
rior pipe surface and resistance between 
water molecules. Galvanized pipe; copper 
tube; and PVC, CPVC, and PEX plastic 
pipe and tubing are used to convey water 
to fixtures. Each material has a different 
resistance to water flow within the tube. 
pipe, and tubing. See Figure 10-3. 

Flow resistance also occurs as water 
passes through valves, fittings, and changes 
in direction. Pressure loss due to friction 
increases as more pipe, fittings, valves, and 
other devices are installed in the water supply 
system. See Figure 10-4. As pressure loss 
within water supply piping increases, the 
discharge capacity of fixture supply pipes 
decreases. When designing a water supply 
piping system, pressure loss due to friction 
must be considered so that adequate water 
pressure is available at the outlet and proper 
plumbing fixture and appliance operation 
is ensured. 


Figure 10-3. Each water 
supply piping material has 
a different resistance to 
water flow within the tube, 
pipe, and tubing. 


Pressure Loss Due to Friction 


Figure 10-3 


PRESSURE LOSS DUE TO FRICTION IN TYPE M COPPER TUBE 
Pressure Loss per 100’ of Tubet 
Standard Type M Tube Sizet 


Flow Rate 


PRESSURE Loss Copper Development Association 
DUE TO FRICTION IN PEX TUBING 


Pressure Loss 
per 100’ of Tubing* 


FRICTION ALLOWANCE FOR FITTINGS AND VALVES’ Pre 10A D ON Tesis- 
talc! tance occurs as water 
Equivalent Tube Length? passes through valves, 
+ fittings, and changes in 
Valve direction of piping. 
Ball|Gate|Butterfly Check 
PE 5 T 
= z 2 
Ae = 2.5 
| = 3 
ga — = 45 
oS). = 5.5 
Los = ee 65 
05| 05/| 75 9 
=e 10 11.5 
=e ee 14.5 
= |e = 12.5 
=e 16 18.5 
5 io. o +4 TE E 15 SV. | ie 23.5 
6 19 7 344 | 2 2 BAr 1 26.5 
8 29 11 50 3 3 =j; 12.5 39 


* Allowances are for streamlined soldered fittings and recessed threaded fittings. 
Double the allowances for standard threaded fittings. 
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Backflow prevention 
devices, such as vacu- 
um breakers and check 
valves, protect the po- 
table water supply from 


| contanunation, 


Length of piping is the only factor 
that can be affected by a plumber when 
installing a plumbing system. Larger 
pipe sizes are used to reduce the amount 
of friction within the pipe and fittings. In 
addition, ball valves are used to decrease 
the pressure loss due to friction since 
their design allows water to flow in a 
straight line through the valves. 


HEIGHT OF BUILDING 


Water pressure in a water supply system 
is decreased due to the height to which 
the water must flow. A column of water 
loses 0.434 psi of pressure for every 
1’ of elevation or head. If the highest 
outlet of a water supply system is 50’ 
above the water main or other water 
source, the pressure loss due to head is 
21.7 Ib (0.434 x 50). Pressure loss due 
to head is subtracted from the available 
pressure to determine whether there is 
adequate pressure to raise the water to 
the required height within the building. 


FLOW PRESSURES 
NEEDED AT TOP FLOORS 


Every plumbing fixture requires a 
minimum flow pressure to function 
properly. Flow pressure, or working 
water pressure, is the water pressure 
in the water supply pipe near an outlet, 
such as a faucet, measured while the 
outlet is wide open and flowing. Flow 
pressure ranges from 8 psi for faucets 
and tank-type water closets to 25 psi for 
certain models of flushometer valves. 
See Figure 10-5. 


Of the five factors that determine the size 
of water supply piping, the only factor 
that the plumber has control over is the 
friction loss factor, which is affected by 
the pipe size. The friction loss factor can 
be changed by making the pipe size larger 
in order to reduce the amount of friction 
| within the pipe and fittings. 
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MINIMUM FLOW PRESSURES 
FOR PLUMBING FIXTURES 


Flow 
Pressure* 


Type of Fixture 


Standard lavatory faucet 
Self-closing basin faucet 
Sink faucet, 3” 

Sink faucet, 2” 

Bathtub faucet 

Laundry tray faucet, 1⁄2” 
Shower 

Ball cock for water closet 
Flushometer valve for water closet] 15 to 25 
Flushometer valve for urinal 15 
Drinking fountain 15 
Sillcock or wall hydrant 10 


* in psi 

Figure 10-5. Flow pressure is the water 
pressure in the water supply pipe near an 
outlet and is measured while the outlet is 
wide open and flowing. 


Insufficient flow pressure results in 
inadequate amounts of water flowing 
through the pipe and being delivered 
to the fixture. Inadequate flow pressure 
prevents water closets from flushing 
properly and results in inadequate flow 
rates from faucets. Flow pressure 1s 
determined by subtracting the pressure 
loss due to friction and pressure loss 
due to head from the available pressure 
as follows: 


Flow Pressure = Available Pressure 
— (Pressure Loss due to Friction 
+ Pressure Loss due to Head) 


For example, a water supply must be pro- 
vided to water closets with flushometer 
valves on the sixth floor of a commercial 
structure. Available water pressure is 50 psi. 
The water supply is piped using 2” cop- 
per tube, which has a pressure loss due 
to friction of 2.5 psi per 200’ of tube. The 
flushometer valves are located 65’ above 
the water main; therefore, the pressure 
loss due to head is 28.2 psi (65’ x 0.434 = 
28.2 psi). Determine whether adequate 
flow pressure is available for a flushom- 
eter valve requiring 40 psi. 


Flow Pressure = Available Pressure 
— (Pressure Loss due to Friction 
+ Pressure Loss due to Head) 


where 

Flow Pressure = flow pressure (in psi) 

Available Pressure = available 
pressure (in psi) 

Pressure Loss due to Friction = 
pressure loss due to friction (in psi) 

Pressure Loss due to Head = pressure 
loss due to height (in psi) 


Flow Pressure = 50 psi — (2.5 psi + 
28.2 psi) 


Flow Pressure = 50 — 30.7 


Flow Pressure = 19.3 psi; not enough 
flow pressure available for the 
flushometer valve 


SIZING WATER 
SUPPLY PIPING 


Plumbing systems for residential struc- 
tures are generally designed by plumbers. 
Similar to sizing drainage, waste, and 
vent piping, proper design of a water sup- 
ply system for larger and more complex 
plumbing projects, such as public build- 
ings, involves a larger number of details 
and calculations. Therefore, plumbing 
systems for large projects are typically 
designed by mechanical engineers. 

As a general rule, and based on the 
available pressure, demand, type and 
length of piping, height of the building, 
and flow pressure needed at the top floor, 
the minimum sizes for water supply piping 
are the following: 


Ground water and surface water con- 
stitute the sources of water used for 
residential, commercial, and industrial 
applications. Ground water is water that 
seeps or flows downward from the earth's 
surface and saturates subsurface soil or 
rock. Surface water is water on the earth's 
surface, such as water in streams, rivers, 
| lakes, or reservoirs. 


For 3⁄4” pipe: 
* minimum size of water service for 
any building from street main to 
water meter 


e minimum size of water supply pipe 
(first section of water distribution pip- 
ing within building) 


e minimum size of fixture supply or 
fixture branch pipe to a sillcock 
* minimum size of fixture supply or 


fixture branch pipe to water heater 


e minimum size of hot water supply 

pipe on outlet side of water heater 
For 1⁄2” pipe: 

e minimum size of concealed water 

supply piping 


* minimum size for three fixtures or 
less in the same bathroom of a 
house. See Figure 10-6. 


e minimum size of fixture branch pipe, 
except individual fixture branch 

pipe for specified fixtures and 
appliances. See Figure 10-7. 


For 3%” or 1⁄4” pipe: 


e fixture supply pipe, if it is not con- 


cealed within building partitions or is 


over 30” long 


Chapter 10—Sizing Water Supply Piping 


When drilling holes in 
studs, plates, or other 
structural members for 


water pipes, always 
make the holes approxi- 
mately Ya” larger than 
the pipe size to accom- 
modate expansion and 
contraction of the pipe. 


Several sizes of copper pipe are used for water supply piping. 
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Figure 10-6. The fixture 
supply pipe for three fix- 


Fixture Supply Pipes ‘Figure 10-6 


SS 


tures or fewer in the same 
bathroom of a house is a 
minimum of 1⁄2” size. 


Figure 10-7. The mini- 
mum size of fixture branch 
pipe is 2”. 


wr 
— 
Sail 


The water service for 
most older one-family 
dwellings is 34” size new- 
er one-family dwellings 
may have a I” size. 


BATHROOM FIXTURES 


S——_—— > 


KITCHEN SINK 


WATER CLOSET 


LAVATORY BATHTUB 


` 


=i" 
N 
\— 34” x Yo" x Ve” TEE 


MINIMUM SIZES OF 
FIXTURE BRANCH PIPE 
Nominal 
F Ipe 
Type of Fixture eine 
Clothes washer (domestic) 
Bathtub 


Dishwasher (domestic) 


Drinking fountain 


Kitchen sink (domestic) 


Kitchen sink (commercial) 


Lavatory 


Laundry tray 


Shower (single-head) 


Sillcock or wall hydrant 


Sink (service) 
Sink (flushing rim) 


Urinal (flushometer valve) 


Water closet (flush tank) 


Water closet (flushometer valve) 
* inin. 


One-Story, One-Family 
Dwellings 


Plumbers generally design plumbing 
systems for residential structures. See 
Figure 10-8. In a typical one-story, 
one-family dwelling, a laundry tray. 
clothes washer, and water heater may 
be located in the basement. A kitchen 
sink, water closet, lavatory, and bath- 
tub are installed on the first floor. Two 
sillcocks are also installed—one on the 
left side of the house and one at the rear. 

The water service for most older one- 
family dwellings is 3⁄4” size newer one- 
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family dwellings may have a 1” water 
service, as required by plumbing codes. 
A 3⁄4” gate valve is installed on the water 
service as the pipe enters the building. A 
water meter of the appropriate size is also 
installed—usually a disk water meter in 
a residential structure since a relatively 
small water demand is required in a resi- 
dence. A 3⁄4” ball valve is installed on the 
outlet side of the water meter. Valves are 
placed on each side of the water meter so 
that water flow can be shut off if the water 
meter must be removed for repairs. 

Water distribution piping, such as mains, 
fixture branches, and fixture supply pipe, 
conveys water from the water service to 
the point of use. A main is the principal 
pipe artery for a water supply, and fixture 
branches extend from the main to fixture 
supply pipes. 

In a typical one-family dwelling, a 3⁄4” 
main is installed, with fixture branch and 
fixture supply pipe reduced to 12” size. In 
the example one-family dwelling, a 3⁄4” 
main extends from the outlet-side ball 
valve to a 34” tee and provides cold water 
to the sillcock on the left side of the house. 
A %” sillcock fixture branch pipe extends 
from the tee to the sillcock. A 3⁄4” ball valve 
is installed before the branch pipe passes 
through the dwelling wall so that water 
flow can be shut off if the sillcock must be 
repaired or replaced. In addition, the valve 
can be shut off during winter months in cold 
climates so that water within the sillcock 
body can be drained to avoid freezing. 


Figure 10-8 
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Figure 10-8. A typical one-story, one-family dwelling contains a laundry tray, clothes washer. and water heater 


in the basement. 
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supplies. 
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A full-way valve, such 
as a Stop and waste 
valve, is installed on 
a fixture branch pipe 
extending to a sillcock 
before the pipe passes 
through the dwelling 


wall. 


Ground water is an important natural 
resource, especially in areas without 
ample surface water sources. Ground 
water constitutes approximately 38% of 
municipal water supplies for residential, 
commercial, and industrial applications 
and approximately 99% of rural water 


The cold water main continues as 3⁄4” 
pipe from the sillcock fixture branch tee 
to another 3⁄4” tee supplying water to the 
water heater fixture branch pipe. The 3⁄4” 
water heater fixture branch pipe is fitted 
with a 3⁄4” ball valve before it connects 
to the water heater. The valve is shut off 
when the water heater is drained or if the 
water heater must be repaired or replaced. 

The cold water main continues from the 
water heater fixture branch pipe as 3⁄4” pipe 
to a 3⁄4” tee supplying water to the fixture 
branch pipes for the first-floor and base- 
ment fixtures. The cold water main extends 
from the tee as 94” pipe to a ball valve and 
the sillcock at the rear of the house. 

A short section of pipe extends from the 
Ya" tee to a Ya” x YO" x Y4” tee that supplies 
cold water to first-floor and basement 


fixtures. The fixture branches and fixture 
supply pipes are sized as 1⁄2” pipe for the 
water closet, lavatory, and bathtub in the 
bathroom. In addition, the fixture branches 
and fixture supply pipes are sized as ¥2” pipe 
for the kitchen sink and the laundry tray and 
clothes washer in the basement. 


An angle supply valve provides a transition between a fixture branch and 


water closet fixture supply pipe. 
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Hot water pipe is sized as 3⁄4” pipe at the 
outlet of the water heater. The 3⁄4” hot water 
main continues toward the rear of the resi- 
dence to convey hot water to the first-floor 
and basement fixtures. A 1⁄2” x Ya” x 34” tee 
is installed to reduce pipe size to 1⁄2” for the 
first-floor and basement fixture branches 
serving the lavatory, bathtub, kitchen 
sink, laundry tray, and clothes washer. 


PVC pipes manufactured in North America 
have a minimum service life of 100 vears 
when properly designed and installed. 


+ 


Sizing Water Supply Piping in 
Larger Installations 

Water supply piping sizing for larger in- 
stallations is based on the available water 
pressure, fixture demand. type and length 
of piping. height of the building. and 
flow pressure needed at the top floor. The 
water supply fixture unit sizing method 
is acommon method of properly sizing 
water supply piping for buildings that 
require a 2” or smaller water service and 
in which the distribution piping does not 
exceed 21⁄2” in size. Water supply piping 
sizing for installations requiring larger 
pipe sizes should be completed by a me- 
chanical engineer. The procedure for siz- 
ing water supply piping is the following: 


l. Determine the total demand on the 
water supply piping. When determin- 
ing the total cold water supply fixture 
unit (cwsfu) demand, either step 1A 
or step 1B will be used. 


A. For buildings with water closets 
that are not fitted with flushometer 
valves, total the cwsfu demand 
for the entire building by adding 
the wsfu demand of individual 
fixtures. See Figure 10-9. 


Type of Fixture 


Clothes washer (each pair of faucets) 


WATER SUPPLY FIXTURE UNITS 


Private 
Use 


Bathtub with or without shower 


Drinking fountain (each head) 


Dishwasher 


Lavatory 


Laundry tray (each pair of faucets) 


Shower (each head) 


Sillcock 


a ee AJ =| >ie 


SINK: 
Standard kitchen 


Bar 


—|P 


Washup (each set of faucets) 


Washup (circular spra 
Service 
URINAL: 
Stall 


| 
HYP [MM] H 


Wall-hung 


Trough (per 6’ section) _ 


Water closet (flush tank) 


Water closet (flushometer valve)? 


their maximum demand, but in no case less than: 


Water supply outlets for unused items are computed at 


* in wsfu 


t Branches and mains serving water closets or similar flushometer valves may be sized from this table when the 
following values are assigned to each flushometer valve, beginning with the most remote valve on each branch. 


FP ari IE Ae eyo N 15 fixture units 


e WORE Cea: 40 fixture units 
ee . ., 30 fixture units 
20 fixture units 


For the fifth flushometer valve (and all additional flushometer valves) ............ 10 fixture units 


B. For buildings with water closets 
fitted with flushometer valves, 
total the cwsfu demand for the 
entire building in wsfu from the 
Water Supply Fixture Units table 
and assign the following values to 
each flushometer valve beginning 
with the most remote flushometer 
valve on each branch. 


For the first flushometer valve........... 40 wsfu 
For the second flushometer valve..... 30 wsfu 
For the third flushometer valve.......... 20 wsfu 
For the fourth flushometer valve........ 15 wsfu 


For the fifth flushometer valve 
(and all additional flushometer 
ESN aeara eere eeren a 10 wsfu 


The flushometer valve supply pipe 
may never be smaller in size than 
the size of the valve inlet. 


C. Total the hot water supply fixture 
unit (hwsfu) demand for the build- 
ing using the values from the Water 
Supply Fixture Units table and as- 
sign this value to the water heater. 


Determine the developed length of pip- 
ing from the water meter to the most 
remote outlet if the water pressure at the 
meter is known or from the water main 
to the most remote outlet if the water 
pressure at the meter is unknown. 
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Figure 10-9. The cwsfu 
demand for an entire 
building is determined by 
adding the wsfu demand 
of individual fixtures if the 
building does not include 
water closets fitted with 
flushometer valves. 
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In general, the minimum 
sizes for water supply 
piping are based on the 
avatlable water pressure, 
demand, type and length 
of piping, height of build- 
ing, and flow pressure 


needed at the top floor. 
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Determine pressure loss due to height 
by identifying the difference in head 
(elevation) between the water meter 
(or other water supply source) and 
highest water supply outlet and mul- 
tiplying the difference by 0.434 psi. 


Determine the working water pres- 
sure by subtracting the pressure loss 
due to height from the available water 
pressure. 


Select the pressure range from the 
Water Supply Pipe and Water Meter 
Sizes for Water Supply Systems table 
that includes the pressure value deter- 
mined in step 4. See Figure 10-10. 


Select the Maximum Allowable 
Length column that equals or exceeds 
the total developed length determined 
in step 2. Once this column has been 
selected, the water meter, water ser- 
vice, and fixture branches within the 
building are sized from this column. 


Identify the value in the Maximum 
Allowable Length column that equals 
or exceeds the cwsfu demand deter- 
mined in step 1A or 1B, depending 
on whether the water closets are fitted 
with flushometer valves. Move to the 
left in that row to select the water 
meter and water service size. 


Next, size the water distribution main 
from the adjacent Main and Branches 
column in the Water Supply and 
Water Meter Sizes for Water Supply 
Systems table. The cold water main 
is the largest size water supply pipe 
in the building. 


Size each piece of cold water supply 
pipe starting with the most remote 
fixture from the water meter and 
working back toward the meter. 


At the point where the cold water 
supply to the water heater is provided, 
size the cold water supply to the water 
heater and the hot water supply out 
of the water heater using the hwsfu 
demand calculated in step IC. 
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11. At the point where the cold water 
supply to the water heater branches 
from the cold water main, add the 
hwsfu demand to the cwsfu demand 
and size the supply pipe accordingly. 
If the total wsfu demand requires the 
cold water main size to exceed the size 
of the building supply pipe, the size of 
the cold water main is not increased. 


12. Size the hot water supply piping by 
using the same column of the Water 
Supply Pipe and Water Meter Sizes 
for Water Supply Systems table start- 
ing at the hot water supply outlet that 
is farthest from the water heater and 
size back toward the heater. 


Sizing Water Supply Piping in 
Four-Unit, Multifamily Dwellings. 
Multifamily dwellings, such as apart- 
ments, place greater demands on the water 
supply than a one-family residence. Each 
unit of a common multifamily dwelling 
might contain a kitchen sink, lavatory, 
water closet with flush tank, and bathtub. 
The water heater and a laundry room with 
one laundry tray and two clothes washers 
may be located in the basement of the 
building. For the application example. 
the conditions assumed are the following: 


e water pressure at water meter is 60 psi 


e developed length of the cold water pip- 
ing from the water meter to the most 
remote cold water outlet is 60’ 


* head (elevation) difference between 
water meter and highest water supply 
outlet is 12’ 


The water supply of the world is approxi- 
mately 326 million cubic miles of water. 
However, only 0.3% of this volume, or 
978,000 cubic miles of water, is usable 
by humans. Of the 978,000 cubic miles of 
usable water, approximately 6000 cubic 
miles of water comes from ground water 
sources, approximately 300 cubic miles 


of water comes from rivers, and the rest 


from other sources. 


Water 


Meter Main 
and Water and 
Service® Branches’ 40 60 


WATER SUPPLY AND WATER METER SIZES 
FOR WATER SUPPLY SYSTEMS* 


Maximum Allowable Length? 


80 
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The procedure for sizing the v 


‘ater suppl 


piping for a common four-unit. multifam- 


ily dwelling is the following: 
I. Determine the total dem 
water supply piping in 
hwsfu. See Figure 10-1 


and on the 
cwsfu and 
1. Stp iB 


is omitted since the building is not 
equipped with flushometer valves. 


A. Since water closets in the multi- 


family dwelling are not fitted with 
flushometer valves. the cwsfu 
demand for the entire building is 
determined by adding the wsfu de- 
mand of the individual fixtures. The 
cwsfu demand for the entire build- 
ing is determined by referencing the 


Figure 10-10. Water me- 
ter, water service, main, 
and branch pipe sizes are 
based on the available 
pressure, length of water 
supply piping, and wsfu 
demand. 
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Private Use column of the Water 


Supply Fixture Units table. Each 
apartment includes the following: 


No. cwsfu 


1 Kitchen sink 
1 Water closet 
1 Lavatory 
1 Bathtub 
Total cwsfu demand for each apartment = 8 


Ino = © PO 


Total cwsfu demand for four 
apartments = Total cwsfu 
for each apartment x No. of 
apartments 


Total cwsfu demand for four 
apartments = 8 cwsfu / apart- 
ment x 4 apartments 


Total cwsfu demand for four 
apartments = 32 cwsfu 


B. The cwsfu demand for common 
fixtures, such as sillcocks out- 
side the building and fixtures in 
the laundry room, is calculated 


as follows: 
No. cwsfu 
2 Sillcocks (3 cwsfu each) 6 
1 Laundry tray (2 cwsfu) 2 


2 Clothes washers (2 cwsfu each) 4 


Total cwsfu demand for common fixtures = 12 


Type of Fixture 


Clothes washer (each pair of faucets) 
Bathtub with or without shower 
Drinking fountain (each head) 
Dishwasher 
Lavatory 
Laundry tray (each pair of faucets) 
Shower (each head) 
Sillcock 
SINK: 
Standard kitchen 
Bar 
Washup (each set of faucets) 
Washup (circular spray) 
Service 
URINAL: 
Stall 
Wall-hung 
Trough (per 6’ section) 
Water closet (flush tank) 
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The cwsfu demand for the entire 
building is calculated as follows: 


Total cwsfu demand for four apartments = 32 
Total cwsfu demand for common fixtures = 12 
Total cwsfu demand for entire building = 44 


C. The hwstu demand for the entire 
building is determined by referencing 
the Private Use column of the Water 
Supply Fixture Units table. Each 
apartment includes the following: 


No. hwsfu 


1 Kitchen sink 2 
1 Lavatory 1 
1 Bathtub 2 


Total hwsfu demand each apartment = 5 


Total hwsfu demand for four apartments 
= Total hwsfu demand for each 
apartment x No. of apartments 


Total hwsfu demand for four apart- 
ments = 5 hwsfu / apartment x 4 
apartments 


Total hwsfu demand for four apartments 
= 20 hwsfu 
The hwsfu demand for common fixtures, 


such as the laundry tray and clothes washer, 
is calculated as follows: 


No. hwsfu 
1 Laundry tray (2 hwsfu) 2 


2 Clothes washers (2 hwsfu each) _4 
Total hwsfu demand for common fixtures= 6 
Total hwsfu demand for four apartments = 20 
Total hwsfu demand for entire building = 26 


This demand of 26 hwsfu is assigned to the 
water heater. 


2. Developed length of the application 
example = 60’. 


3. Determine pressure loss due to height. 


Pressure Loss due to Height = 
Head x 0.434 
where 
Pressure Loss due to Height = 
pressure (in psi) 
Head = head (in ft) 
0.434 = constant 
Pressure Loss due to Height =12’x 0.434 


Pressure Loss due to Height = 5.2 psi 


Figure 10-11 
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unit apartment building starts at the most remote water outlet. 


Cold water supply pipe sizing for a four- 


11. 


Figure 10- 


299 


ing Water Supply Piping 
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_ 
Cold water supply pipe 
is sized beginning with 
the most remote fixture 
from the water meter and 
working back toward the 


meter, 
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4. Determine the working water pressure 8. 


by subtracting the pressure loss due to 
height from the available water pressure. 


Working Water Pressure = Available 
Water Pressure — Pressure Loss 


due to Height 9, 


where 

Working Water Pressure = pressure 
range (in psi) 

Available Water Pressure = avail- 
able water pressure (in psi) 

Pressure Loss due to Height = 
pressure loss (in psi) 

Working Water Pressure = 60 psi — 5.2 psi 

Working Water Pressure = 54.8 psi 


5. A building with 54.8 psi working wa- 


ter pressure is sized from the 46 psi to 
60 psi pressure range of the Water 
Supply and Water Meter Sizes for 
Water Supply Systems table. 


6. The water supply pipe for the entire 


building is sized from the 60’ column 
of the Water Supply and Water Meter 
Sizes for Water Supply Systems table. 


The 44 cwsfu value calculated in 
step 1A falls between the 40wsfu and 
47 wsfu values in the Water Supply 
and Water Meter Sizes for Water Sup- 
ply Systems table. It is rounded up the 
next highest value. The water meter 
and water service size of 1” pipe is 
determined by moving left to the ap- 
propriate column. 


Water 
Meter 
and Water 
Servicet 


Main 


Branchest 


4 


Pressure Range—46 psi to 60 psi 


and 1( 


The water supply main size is deter- 
mined to be 1” from the adjacent Main 
and Branches column in the Water 
Supply Pipe and Water Meter Sizes 
for Water Supply Systems table. 


Cold water supply pipe is sized begin- 
ning with the most remote fixture from 
the water meter and working back 
toward the meter. In the application 
example, the fixtures in apartment 3 
are farthest from the water meter. 

Although there is only 8 cwsfu de- 
mand on the cold water fixture branch 
pipe conveying water to apartment 3, 
the pipe is sized as 4” because it serves 
four fixtures. However, 1⁄2” fixture sup- 
ply pipe is installed for the individual 
fixtures in apartment 3. Cold water sup- 
ply pipe sizing for the other apartments 
is identical to apartment 3. 

Cold water main size does not in- 
crease where fixture branch pipe from 
apartment 3 joins the fixture branch 
pipe from apartment 4 since a 3⁄4” pipe 
serves a 23 cwsfu demand. The same 
sizing also applies to the point where 
the fixture branch pipes join for apart- 
ments | and 2. 

Since a 3⁄4” pipe serves 23 cwsfu, 
the cold water main continues as 94” 
pipe to the sillcock at the rear of the 
building. The sillcock must be supplied 
by a %4” branch pipe, as sized from 
the Minimum Sizes of Fixture Water 
Branch Pipe table. A 12” pipe will prop- 
erly serve the 6 cwsfu demand of the 
laundry tray and two clothes washers 
located in the laundry room. 


. The water heater demand is 26 hwsfu 
and requires 1” cold water supply 
pipe and a 1” hot water supply out 
of the water heater. 


= | 


In the United States, approximately 
32] billion gallons of surface water and 
77 billion gallons of ground water are 
used each day. 
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11. At the laundry room fixture branch, 
the cold water supply fixture unit 
demand increases to 51 cwsfu. The 
Water Supply Pipe and Water Meter 
Sizes for Water Supply Systems table 
indicates that the cold water main 
should increase to 11⁄4” pipe at this 
point. Even though the total wsfu 
demand requires the cold water main 
size to exceed the size of the building 
supply pipe, the cold water main size 
is not increased in size. Therefore, the 
cold water main extending back to the 
water meter is sized as 1” pipe. 


12. The hot water supply piping is sized 
using the same column of the Water 
Supply Pipe and Water Meter Sizes 
for Water Supply Systems table as 
was used to size the cold water supply 
piping. The sizing of the hot water 
supply piping starts at the hot water 
supply outlet that is farthest from the 
water heater—apartment |, in the ap- 
plication example—and is sized back 
toward the heater. See Figure 10-12. 
The three fixtures in this apartment that 
require a hot water supply—kitchen 
sink, lavatory, and bathtub—are prop- 
erly served by 1⁄2” fixture branch and 
fixture supply pipes. The hot water 
piping for the other three apartments 
is sized similarly using 2” pipe. 


At the point where the hot water 
supply to apartments | and 2 joins the 
hot water main, a 2” x 12” x 3⁄4” tee is 
used to transition from 12” to 3⁄4” pipe. 
A 3⁄4” hot water main is large enough 
to supply the combined 16 hwsfu de- 
mand of apartments | and 2 and the 
laundry room, The 6 hwsfu demand of 
the laundry room fixtures is properly 
served by 1%” size fixture branch and 
fixture supply pipes. 

Fixture branch pipe size is increased to 
1’ at the point where the hot water main 
for apartments | and 2 and the laundry 
room joins the supply to apartments 3 
and 4. A 1” fixture branch pipe extends 
back to the outlet of the water heater. 


Sizing Water Supply Pipe in Public 
Buildings. Public buildings place a large 
demand on the water supply and must be 


sized properly to ensure adequate water 


pressure for fixtures at remote locations. 

Each restroom of a public building may 

contain a battery of similar fixtures, such 

as flushometer valve water closets, as well 

as fixtures for custodians and employee 

lunch areas. For the application example, 

the conditions assumed are the following: 

- available pressure at street water 
main is 50 psi 

- developed length of the cold water sup- 
ply piping from street water main to 
most remote cold water outlet is 200° 

e head (elevation) difference is in- 
significant because the application 
example is a one-story building 

- all water closets are installed with 
flushometer valves 

-  wsfu demand of stall-type urinals in 
the men’s restroom is 5 wsfu each 


The water supply pipe to water closet 

Jlushometer valves in a public restroom 

is typically run full size for its entire 

length, with 1” openings T-drilled into 

the full size pipe for each water closet 
| flushometer valve. 


Before connecting water 
distribution piping to 
a water service, blow 
out the water service by 
allowing water to flow 


through it until the water 
is clear. 


A water service is crimped or capped after it is initially installed to prevent 
dirt or other debris from entering the tube or pipe. 
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12. Hot water supply pipe sizing for a four-unit apartment building starts at the hot water supply outlet 


that is farthest from the water heater. 


PLUMBING DESIGN AND INSTALLATION 


P 


Figure 10 
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The procedure for sizing the water supply 
piping for a public building is the following: 
1, Determine the total demand on the wa- 

ter supply piping in cwsfu and hwsfu. 

See Figure 10-13. 

B. Since water closets in the public 
building are fitted with flushom- 
eter valves, the cwsfu demand for 
the entire building is determined 
by adding the wfsu demand of 
the individual fixtures and assign- 
ing the appropriate values to the 
flushometer valves. The cwsfu 
demand for the entire building 
is determined by referencing the 
Public Use column of the Water 
Supply Fixture Units table and 
totaling the cwsfu demand. 


No. cwsfu 
1 First water closet 40 
1 Second water closet 30 
| Third water closet 20 
1 Fourth water closet 5 
1 Fifth water closet 10 
1 Sixth water closet 10 
4 Lavatories (2 cwsfu each) 8 
Tota! cwsfu demand 
for women's restroom = 133 


Men's restroam: 


No. cwsfu 

1 First water closet 40 

1 Second water closet 30 

1 Third water closet 20 

1 Fourth water closet 15 

2 Urinals (5 cwsfu each) 10 

2 Lavatories (2 cwsfu each) 4 
Total cwsfu demand 

for men's restroom = 119 

No. cwsfu 

1 First water closet 40 

1 Lavatory 2 
Total cwsfu demand 

for unisex restroom = 42 


The cwsfu demand for common fix- 
tures, such as a Service sink, kitchen sink. 
and sillcock. is calculated as follows: 


No. cwsfu 
1 Service sink 4 
1 Kitchen sink 4 
1 Sillcock 5 


Total cwsfu demand for common fixtures = 13 


Type of Fixture 


Dishwasher 


Lavatory 


Sillcock 


SINK: 
Standard kitchen 


Bar 


Washup (each set of faucets) 


Washup (circular spray) 
Service 

URINAL: 
Stail 


* in wsfu 


t Branches and mains serving water closets or similar flushometer valves may be sized from this table when the 
following values are assigned to each flushometer valve, beginning with the most remote valve on each branch. 


For the first flushometer valve 


For the second flushometer valve........ ....---- 


For the third flushometer valve 
For the fourth flushometer valve 


For the fifth flushometer valve (and all additional flushometer valves) 


40 fixture units 
. 30 fixture units 
20 fixture units 
15 fixture units 
10 fixture units 
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Branches and mains 
serving water closets 
or similar flushometer 
valves are sized from 
the Water Supply Fixture 
Units table, beginning 
with the most remote 
| valve on each branch. 
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"Figure 10-13 


Cold Water Supply Pipe Sizing For Public Buildings 


= =æ = = Hot water 


Cold water 


wsfu load 


Ball valve 


Bathtub 


Pipe size (in in.) 


Gate valve 


Kitchen sink 


LAV Lavatory 


Relief valve 


Sillcock 


Laundry tray WC Water closet 


Service sink 


Urinal 


= Water meter 


Water heater 


g the total demand on 


Figure 10-13. Cold water supply pipe sizing for a public building starts with determinin 


the water supply piping. 
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The cwsfu demand for the entire build- 
ing is calculated as follows: 


Total cwsfu demand for women's restroom = 133 
Total cwsfu demand for men's restroom =119 
Total cwsfu demand for unisex restroom = 42 
Total cwsfu demand for common fixtures = 13 
Total cwsfu demand for entire building =307 


-i a N 


C. The hwsfu demand for the entire 
building is determined by refer- 
encing the Public Use column of 
the Water Supply Fixture Unit 
table. 


hwsfu 
Lavatories (2 hwsfu each) 14 
Kitchen sink 4 
Service sink 4 


Total hwsfu demand = 22 


t 


The developed length of the applica- 
tion example is 200’. 


Pressure loss due to height is negli- 
gible in the application example since 
the public building is a one-story 
structure and the elevation difference 
is insignificant. 


Determine the working water pres- 
sure by subtracting the pressure 
loss due to height from the available 
water pressure. 


Working Water Pressure = Avail- 


able Water Pressure — Pressure 
Loss due to Height 


where 


Working Water Pressure = pressure 


range (in psi) 


Available Water Pressure = avail- 


able water pressure (in psi) 


Pressure Loss due to Height = 


pressure loss (in psi) 


Working Water Pressure = 50 psi — 0 psi 


Working Water Pressure = 50 psi 


and Water 


5. A building with 50 psi of working 


water pressure is sized from the 
46 psi to 60 psi pressure range of the 
Water Supply and Water Meter Sizes 
for Water Supply Systems table. 


WATER SUPPLY AND WATER METER SIZES, 
FOR WATER SUPPLY SYSTEMS* 


Water 
Meter 


Main 


and 
Branchest 


Servicet 


Since the developed length for the ap- 
plication example is 200’, the water 
supply pipe for the entire building 
is sized from the 200’ column of the 
Water Supply and Water Meter Sizes 
for Water Supply Systems table. 


The water meter and water service 
pipe are 2”. 


The water distribution main size is 
also determined to be 2”. 


Cold water pipe is sized beginning 
with the fixture farthest from the 
water meter, which is the water 
closet on the far right in the women’s 
restroom. The water closet, rated at 
40 cwsfu demand, must be supplied 
with 11⁄4” fixture branch and fixture 
supply pipe. The second water closet 
in the group, rated at 30 cwsfu de- 
mand, is also supplied with 11⁄4” 
fixture supply pipe. Although the 
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fixture branch pipe serving these 
two water closets is 11⁄4” size, the 
fixture supply pipe to the flushometer 
valves would be sized as 1” pipe. 
A 1” fixture branch pipe supply- 
ing water to the two remote water 
closets serves a 70 cwsfu demand. 

The next three water closets in the 
women’s restroom, rated at 20 cwsfu, 
15 cwsfu, and 10 cwstu, are supplied 
with 1” fixture supply pipes. The final 
water closet in the women’s restroom, 
rated at 10 cwsfu, is supplied with a 
1” fixture supply pipe even though the 
sizing table indicates a 3⁄4” pipe can 
supply this demand. This pipe must 
be sized as 1” since the supply pipe 
for a flushometer valve may never 
be smaller in size than the size of the 
valve inlet. The Minimum Sizes of 
Fixture Branch Pipe table indicates 
that a water closet with a fushometer 
valve has a 1” pipe inlet. 

A 1%" fixture branch pipe sup- 
plies the third, fourth, and fifth water 
closets in the women’s restroom. At 
the point where the final water closet 
fixture branch pipe joins the cold 
water main, the demand increases 
to 125 cwsfu and 2” pipe is used. A 
2” cold water main is installed back 
to the water meter. 

The fixture supply pipe for the 
women’s restroom lavatories. rated at 


Copper water supply piping must be protected from materials made from 
different metals to avoid galvanic reactions between the metals. 
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2 cwsfu each, is 2” size. The 8 cwsfu 
demand of all lavatories is supplied 
with a 34” fixture branch pipe that 
extends from the 2” cold water main. 

The 8 cwsfu demand of the 
kitchen sink and service sink is sup- 
plied with a 3⁄4” fixture branch pipe. 
The fixture branch pipe reduces to 
1⁄2” size for the fixture supply pipes. 

The water supply pipe sizing in 
the men’s restroom starts at the most 
remote outlet, which is the water 
closet rated at 40 cwsfu. The water 
closet is supplied with 14” fixture 
branch and fixture supply pipes. 
The second water closet. rated at 
30 cwsfu, is supplied with the 144” 
fixture supply pipe. However, the 
fixture supply pipe to the flushometer 
valves would be 1” pipe. 

The fixture branch pipe supply- 
ing the first two water closets, which 
serves 70 cwsfu demand, is 11⁄2” pipe. 
The third and fourth water closets in 
the men’s restroom. rated at 20 cwsfu 
and 15 cwsfu, respectively, are sup- 
plied with 1” fixture supply pipes and 
14⁄2” fixture branch pipe. The fixture 
branch pipe supplying water to the 
water closets is sized as 142” pipe 
since the total demand is 105 cwsfu. 
which is the maximum demand that 
can be supplied with a 11⁄2” pipe. 

The men’s restroom urinals are 
each supplied with 3⁄4” fixture sup- 
ply and fixture branch pipes. The 
fixture branch pipe serves 10 cwsfu. 
The lavatories in the men’s restroom 
with a combined demand of 4 cwsfu 
are supplied with 1⁄2” fixture branch 
and fixture supply pipes. At the point 
where the 2” lavatory fixture branch 
joins the %” urinal fixture branch pipe, 
the demand increases to 14 cwsfu 
and the pipe increases to 1” size. At 
the point where the 1” fixture branch 
pipe serving the lavatories and urinals 
joins the pipe serving the four water 
closets in the men’s restroom, the 
demand increases from 105 cwsfu to 
119 cwsfu, and the cold water supply 
increases to 2” size. 


The sillcock is served with a 3⁄4” 
fixture branch pipe. 

Water supply sizing in the unisex 
restroom begins at the most remote 
water supply outlet, which is the 
water closet. The water closet. rated 
at 40 cwsfu, requires a 11⁄4” fixture 
supply pipe. The lavatory in the 
unisex restroom, rated at 2 cwsfu. 
is served with a 1⁄2” fixture supply 
pipe that extends from 11⁄4” fixture 
supply pipe. A 1%” fixture branch 
pipe is adequate to serve the water 
closet and lavatory, rated at 42 cwsfu. 


10. The water heater must serve a de- 
mand of 22 hwsfu (as calculated in 
step 1C) and is supplied with a !” 
fixture supply pipe. i 


11. At the point where the water heater 
fixture supply pipe joins the cold 
water main, the demand on the main 
increases to 329 cwsfu. However, it 
is not necessary to increase the cold 
water main size above the 2” size 
originally selected, even though a 
larger size is indicated. 


Copper pipe is the most commonly used 

pipe for residential water supply piping. 

Copper pipe can be found in three basic 

types: type M, type L, and type K. Type 

M pipe has a thin wall and is the most 

common type, type L has a thicker wall, 
| and type K has the thickest wall. 


12. The hot water supply pipe sizing 
begins at the fixtures farthest from 
the water heater, which are the 
women’s restroom lavatories. See 
Figure 10-14. The lavatories are 
served by 1⁄2” fixture supply and fix- 
ture branch pipes. The fixture branch 
pipe size is increased to 3⁄4” with a 2” 
x Vo" 3” tee at the point where the 
hot water supplies for the lavatories 
join together, rated at 8 hwsfu demand. 


Sioux Chief Manufacturing Company, Inc 


Copper tube that is 114” size and smaller must be supported at 6’ intervals. 


The kitchen and service sinks, rated 
at 4 hwsfu each, are sized for 2” fixture 
supply pipe. The combined total of 8 
hwsfu requires a 3⁄4” fixture branch pipe. 
At the point where the hot water fixture 
branch pipe for the women’s restroom 
and the fixture branch pipe serving the 
kitchen and service sinks join, the de- 
mand increases to 16 hwsfu and the hot 
water main increases to |” size. The 1” 
hot water main continues back to the wa- 
ter heater. The men’s restroom lavatories 
are supplied with 1⁄2” fixture branch and 
fixture supply pipes that extend from the 
1” hot water main. The lavatory in the 
unisex restroom is also supplied with a 
w2” fixture branch pipe. 


Li 


ee 


a 


Hot water supply pipe 
sizing begins at the fix- 
tures farthest from the 
water heater. 


HA 


Sioux Chief Manufacturing Company. Inc 


Copper tube must be properly supported by structural members using brackets. 
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Figure 10-14 


Hot Water Supply Piping For Public Buildings 
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Figure 10-14. The hot water supply pipe sizing for a public building begins at the fixture farthest from the water heater. 
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REVIEW QUESTIONS 


1. Define “flow rate” as it applies to a building water supply. 

2. How is the total demand determined for a building water supply system? 
3. Define “available pressure.” 
4 


. Why is the water supply fixture unit system used to determine pipe sizes in 
buildings? 


5. How does pressure loss due to friction affect the sizing of pipe in a building 
water supply system”? 


6. Where do you start when sizing a water supply for a building? Why? 
7. Sketch the water supply piping of your home or apartment building and size it. 


8. Sketch the water supply piping in the men’s and women’s restrooms of a public 
building and size it. 
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erocgcting tng Socaibhie Water Supply 


otable water is water that is free 

from impurities that could cause 

disease or harmful physiological 
effects. When water is drawn from a fau- 
cet or other water supply outlet connected 
to a municipal water supply system, the 
water is expected to be potable. As the 
water supply system for a building 
is installed, water is supplied to water 
outlets that are connected to plumbing 
fixtures, appliances, and other pieces of 
equipment that use water. A water outlet 
is an opening through which water is 
conveyed to a fixture, boiler, or heating 
system; to equipment that is not part of 
a plumbing system but requires water to 
operate; or into the atmosphere. Contam1- 
nation of the potable water supply system 
can occur at any water outlet. 


BACKFLOW 


Backflow is the flow of solids, liquids, or 
gases into the water distribution pipes of 
a potable water supply from any source 
other than the intended source. Backflow 
in a potable water supply is caused by 
back-siphonage or by back pressure. 


Back-Siphonage 

Back-siphonage is backflow caused by 
negative atmospheric pressure in the 
water distribution pipes of a potable 
water supply system. Back-siphonage in 
a potable water supply system is similar 
to a person consuming a liquid through 
a drinking straw. As the person sucks on 
the end of the straw, the liquid flows up 
the straw and into the person’s mouth. In 
reality, the person removes air from the 


straw and reduces the air pressure within 
the straw, creating a partial vacuum. A 
partial vacuum is a condition in which 
the pressure within a system is less than 
atmospheric pressure (14.7 psi at sea 
level). Atmospheric pressure pushes 
down on the surface of the liquid and 
forces it up through the straw and into 
the person’s mouth since the atmospheric 
pressure is greater than the partial vacuum 
in the straw. 

When pressure in a potable water sup- 
ply system is below 14.7 psi, a partial 
vacuum can develop and cause back- 
siphonage. A common situation in which 
back-siphonage occurs is when a faucet 
outlet is below the flood level rim of a 
fixture. See Figure 11-1. The flood level 
rim is the top edge of a fixture from which 
water overflows. The bathtub water level 
rises above the faucet outlet by overfilling 
the bathtub, or water is displaced when a 
person enters the bathtub. 

If a faucet on a lower floor, such as the 
basement, is opened while the bathtub 
faucet is also open and one of the valves 
at the water meter is turned off, atmo- 
spheric pressure pushing on the surface 
of the water in the bathtub forces the 
bath water out of the bathtub and into 
the potable water supply piping. The bath 
water is conveyed from the bathtub to the 
open faucet and contaminates the potable 
water supply. 


Backflow is the flow of 
solids, liquids, or gases 
into the water distribu- 
tion pipes of a potable 
water supply from any 
source other than the 
intended source. 


—_ e M 
Back-siphonage is caused 
by negative atmospheric 
pressure in water distri- 
bution pipes of a potable 


water supply system. 


An air gap will protect against both 
| back-siphonage and back pressure. 


3/1 


Figure 11-1. Back- 
siphonage is caused by 
inadequate pressure in the 
water distribution pipes, and 
may occur when a faucet 
outlet is below the flood 
level rim of a fixture. 


Figure 11-2. Back pres- 
sure typically occurs in 
potable water supply sys- 
tems in which equipment 
operating under pressure 
is installed. 
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Back Pressure 


Back pressure may occur in a potable 
water supply system in which equipment 
operating under pressure is installed. Back 
pressure is a backflow condition caused 
by downstream pressure in the water dis- 
tribution pipe being higher than the water 
supply pressure. Back pressure can force 
undesirable substances into the potable 
water supply system. See Figure 11-2. 
Toxic chemical additives, such as rust 
inhibitors or defoaming agents, are typi- 
cally added to boiler water to ensure op- 
erating efficiency of the boilers. Potable 
water is supplied to boilers through a 
feed valve and check valves. If the check 
valves fail and the water supply pressure 
falls below the pressure within the boilers, 
boiler water and additives flow back into 
the potable water supply piping contami- 
nating the potable water supply system. 


Back Pressure —- 


CROSS CONNECTIONS 


Back-siphonage and back pressure are 
examples of cross connections. A cross 
connection is any connection between the 
potable water supply system and another 
piping system through which contami- 
nants unfit for human consumption can 
enter a potable water supply pipe by 
back pressure or back-siphonage. Cross 
connections commonly occur because 
potable water flow to a building is inter- 
rupted and a sudden pressure drop occurs 
in the system. Conditions that cause an 
interruption in potable water flow and 
affect the water supply pressure are the 
following: 


e broken water supply pipe within a 
building 

e water main breaks in the street 

* repairs or modifications to piping 
within a building that require the water 
supply to be shut off at the water meter 
or another valve 

e undersized water supply piping within 
a building 

* firefighting equipment drawing water 
from water mains 

e failure of water supply pumps in tall 
buildings 


The Cross-Connection Control Manual, 
published by the United States Environ- 
mental Protection Agency, is designed to 
be used as an educational and technical 


reference for cross-connection control 


| programs. 


Figure 11-2 
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Air Gaps any pipe or faucet supplying water to a 
The potable water supply system of a plumbing fixture, tank, or other device 
building is protected from cross connec- and the flood level rim of a receptacle. 
tion by providing each water outlet with See Figure 11-3. Air gaps are used at the 
an air gap or backflow prevention device. ends of water supply lines where reser- 
The best way to protect the potable water voirs or storage tanks are installed, and 
supply is to deliver water to the point of they are integral to modern fixture design. 
use through an air gap. An air gap is an An air gap is measured vertically from 
unobstructed vertical distance through the potable water outlet to the flood level 
the air between the lowest outlet of rim ofthe fixture into which it discharges. 


Air Gaps - a : | = EERE ERE Figure 11-3 


Figure 11-3. Air gaps 
must be at least twice 
the diameter of the po- 
table water outlet. 
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For circular outlets, the air gap must 
be at least twice the diameter of the 
potable water outlet and never less than 
1”. For noncircular water outlets, the air 
gap must be at least twice the effective 
opening and never less than 1”. The ef- 
fective opening is the diameter of a circle 
equivalent to the cross-sectional area of 
a potable water outlet opening. 
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Moen 
For circular outlets, the air gap must be at 'east twice the diameter of the 
potable water outlet and never less than 1”. 


BACKFLOW PREVENTION 
DEVICES 


Backflow prevention devices, such as 
vacuum breakers and check valves, are 
used to protect the water supply from con- 
taminated and undesirable substances. At- 
mospheric and pressure vacuum breakers, 
double check valves, dual check valves, 
and reduced pressure zone backflow pre- 
venters are typically installed where air 
gaps and barometric loops are not desired 
or cannot be installed due to space limita- 
tions. Vacuum breakers provide protec- 
tion against back-siphonage only; check 
valves protect against back-siphonage 
and back pressure. See Figure 11-4. 
Backflow prevention devices must be 
properly installed to protect the potable 
water supply and so they can be tested and 
repaired efficiently. Backflow prevention 
devices must also be protected from 
extremely hot or cold conditions. Several 
factors are considered when selecting and 
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installing a backflow prevention device, 
including the following: 
e degree of hazard 


e location 
e inlet pressure 
e purpose and system requirements 


The degree of hazard is a classification 
system indicating whether a substance 
in a potentially cross-connected non- 
potable system is toxic or nontoxic. A 
toxic substance is a solid, liquid, or gas 
that creates, or may create, danger to the 
health and well-being of consumers if it is 
introduced into the potable water supply. 
Boiler water is a toxic substance since it 
typically contains chemicals that are used 
to reduce scaling or corrosion and that are 
dangerous to consumer health. 

A nontoxic substance is a substance 
that creates a non-health-hazard or a nui- 
sance. Carbonated beverages are nontoxic 
substances that may be a nuisance to deal 
with, but will not endanger the well-being 
of consumers if the beverage syrup line 
is cross-connected with the potable water 
supply. A backflow prevention device 
designed for health hazard applications 
is used to protect the potable water sys- 
tem when a toxic substance is piped in a 
related system. 

A backflow prevention device designed 
for non-health-hazard applications, such 
as aresidential water supply, is used when 
a nontoxic substance is piped in a related 
system. 

Backflow prevention devices must be 
properly installed to provide the desired 
backflow protection and to allow access 
by a plumber when testing and repairing 
the devices. Some backflow prevention de- 
vices are installed horizontally and require 
minimum distances between the flood 
level rim and the device. Backflow pre- 
vention devices such as pressure vacuum 
breakers require periodic testing to ensure 
proper operation and must be installed to 
allow access by a qualified plumber testing 
the device. Always refer to manufacturer 
specifications regarding installation de- 
tails and minimum clearances. 


Barometric Loops 


A barometric loop installed in water supply 
piping protects the pipe contents against 
back-siphonage, but does not protect 
against back pressure. A barometric loop 
is a loop of water supply piping that rises 


Barometric loop operation is based 
on the principle that at sea level 1 psi of 
water pressure will force water 2.3’ up a 
pipe. Atmospheric pressure at sea level 
is approximately 14.7 psi. Atmospheric 
pressure forces water 33.8’ up a pipe 


35’ and then falls back to the original piping (14.7 psi x 2.3’ = 33.8’). A barometric 
elevation. See Figure 11-5. loop is typically constructed 35’ high for 


_ BACKFLOW PREVENTION DEVICE APPLICATIONS 


Check Valves 


Reduced |Double Check 
Appliance or Pressure | Atmospheric |Hose-Thread| Pressure | Valve with 
Equipment Vacuum Vacuum Vacuum Zone Intermediate 
Breaker Breaker Breaker Check | Atmospheric 
Valve Vent 


Vacuum Breakers* 


Double 
Check 
Valve 

Assembly 


Boiler, commercial 


Boiler. residential 
(one- or two-family dwelling) 


Carbonated beverage machine 
(post-mix) 


Chemical line 

Chemical tank 

Chiller 

Cooling tower 

Dental unit 

Dishwasher, commercial 


Fire suppression system 
Flush tank (water closet or urina!) 


Flushometer valve (water closet, 
urinal, or similar fixture) 


Food and beverage equipment 
or system 


Garbage-can washer 


Glyco! or other antifreeze system 

Laboratory equipment 

Laboratory faucet 

Laundry machine, commercial 

Lawn, garden, or greenhouse 
sprinkler system 

Private potable water supply 

Private nonpotable water supply 

Process line 

Process tank 

Recreational vehicle dump station 

Sewage treatment 

Soap dispenser 

Swimming pool, fountain, pond, 


baptistery, aquarium, 
or similar installation 
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Threaded hose connections 
including sillcocks, hydrants, 
service sinks, and laundry trays 


* permitted where no back pressure is possible 
Figure 11-4. Backflow prevention devices, such as vacuum breakers and check valves, are used to protect the 
water supply from contaminated and undesirable substances. 
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Figure 11-5. Baromet- 
ric loops protect against 
back-siphonage only. 


316 


a margin of safety. Although barometric 
loops effectively protect against back- 
siphonage. they are seldom installed 
due to space limitations. 


Barometric Loops 
Re 


EPA Cross-Connection Control Manual 


| 


Backflow prevention devices are in- 
stalled to protect a potable water supply 
from contamination found with cross 
connection. The proper operation of 
backflow prevention devices is critical 
for health and safety reasons. Many 
state and local jurisdictions require that 
the decives be tested annually. 


Vacuum Breakers 


A vacuum breaker is a backflow pre- 
vention device that protects against 
back-siphonage by admitting air to the 
water supply piping through vents or 
ports on the discharge side of the de- 
vice. Vacuum breakers are commonly 
installed for plumbing fixtures and 
equipment in which the water enters 
the fixture or equipment below the 
flood level rim. Vacuum breakers do 
not protect against back pressure. If 
back pressure occurs in a water supply 
system protected only with a vacuum 
breaker. the disk and float within the 
vacuum breaker modulate back and 
forth, permitting contaminated water 
to pass into the water supply piping. 
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Atmospheric Vacuum Breakers 
(AVBs). An atmospheric vacuum breaker 
(AVB) is a vacuum breaker that seals 
the atmospheric vent of a device under 
normal flow condition and seals the device 
inlet when a partial vacuum (negative 
pressure) develops in the water supply pip- 
ing. allowing air into the system to break 
the vacuum. See Figure 11-6. 
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Figure 11-6. Atmospheric vacuum break- 
ers (AVBs) are used for applications that 
are not subject to back pressure. 


AV Bs are available in sizes from 1⁄4” to 
3”. and used for applications that are not 
subject to back pressure. 

An AVB consists of a float with a pli- 
able rubber disk. which freely travels on a 
shaft within the body of the device. Dur- 
ing normal flow condition, water pressure 
lifts the float and forces the disk against 
the passages to seal the atmospheric vents. 
See Figure 11-7. When water flow stops 
or if a back-siphonage condition develops 
within the water supply piping. the float 
drops and the disk is pulled off the seat. 
allowing air to enter the water supply pip- 
ing and preventing back-siphonage. 

AVBs should not be used for continu- 
ous pressure applications. Continuous 
pressure is pressure that is continuously 
supplied to a backflow prevention device 
for over 12 hr. To prevent the float and 


disk from remaining (freezing) in the 
uppermost position, atmospheric vacuum 
breakers must be shut off at least once 
every 8 hr to 12 hr. 

The water supply valve to an AVB 
must be installed in the vertical posi- 
tion on the supply (upstream) side of the 
device and no control valve is permitted 
on the outlet (downstream) side of the 
device. A gate, globe, or ball valve is typi- 
cally an integral component of an AVB. 
AVBs have a critical level, which is typi- 
cally marked on the device with “C-L.” 


The critical level is the level to which 
an atmospheric vacuum breaker may be 
submerged before backflow through the 
device occurs. If a vacuum breaker is 
not marked with a “C-L.” the bottom of 
the device is used as the critical level. 
The critical level of an AVB must be at 
least 6” above the flood level rim of the 
plumbing fixture or appliance. When 
an AVB is installed on a lawn sprinkler 
system, the critical level of the device 
must be at least 12” above the highest 
sprinkler outlet. See Figure 11-8. 
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Figure 11-7. The float 
and rubber disk of an AVB 
move on the shaft to pro- 
vide the necessary back- 
siphonage protection. 


Figure 11-8. AVBs must 
be installed with the criti- 
cal level at least 6” above 
the flood level rim of a 
plumbing fixture or ap- 
pliance and at least 12” 
above the highest lawn 
sprinkler outlet. 
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Figure 11-9. Hose thread H 
vacuum breakers must be 
installed at least 6” above 
grade. 
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Hose Thread Vacuum Breakers. 
A hose thread vacuum breaker is a 
small, inexpensive device with hose 
thread connections attached to sill- 
cocks, service sinks, and other fix- 
tures with hose thread connections. 
Hose thread vacuum breakers only 
protect against back siphonage. They 
are only made in 3⁄4” hose thread size. 
Plumbing codes require hose thread 
vacuum breakers to be installed on any 


6” MINIMUM — 
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ose Thread Vacuum Breaker = 


hose thread connection except the drain 
valve of a domestic water heater. 

When hose thread vacuum break- 
ers are used on sillcocks, the vacuum 
breaker must be installed at least 6” above 
grade. See Figure 11-9. 

A hose thread vacuum breaker is 
screwed onto the threads of the threaded 
water outlet. The setscrew on the vacuum 
breaker is tightened until it breaks off 
to ensure that the device cannot be eas- 
ily removed from the water outlet. Hose 
thread vacuum breakers protect against 
back-siphonage only and should not be 
used for continuous pressure applications. 

A hose thread vacuum breaker consists 
of the body, seat, diaphragm, atmospheric 
vents, and spring-loaded disk. See Fig- 
ure 11-10. When a sillcock equipped 
with a hose thread vacuum breaker is 
turned on, water pressure forces the dia- 
phragm over the atmospheric vents and 
seals them so water cannot escape. Water 
pressure simultaneously forces open the 
spring-loaded disk and allows water to 
flow through the device. When water 
flow stops or if a partial vacuum develops 
within the water supply piping, the disk 
is pulled back into position by its spring, 
allowing air to enter the water supply 
piping and preventing back-siphonage. 


Figure 11-9 
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Handheld Tub and Shower Spray 
Vacuum Breakers. Handheld tub and 
shower spray vacuum breakers are re- 
quired by many plumbing codes if the 
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spray hose is long enough for the spray 
head to extend past the flood level rim 
of the bathtub or lay on the shower stall 
floor. See Figure 11-11. 
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Figure 11-10. During nor- 
mal flow condition, wa- 
ter pressure forces the 
spring-loaded disk off its 
seat and allows water to 
flow. 


Figure 11-11. Handheld 
tub and shower spray vac- 
uum breakers are required 
by plumbing codes if the 
spray hose is long enough 
for the spray head to ex- 
tend past the flood level rim 
of the bathtub or lay on the 
shower Stall floor. 


SO 


A handheld tub and shower spray vac- 
uum breaker is an atmospheric vacuum 
breaker that prevents back-siphonage 
of bathing water. When a handheld tub 
and shower spray equipped with a hose 
thread vacuum breaker is turned on, 
water pressure forces the diaphragm 
over the atmospheric vents and seals 
them so water cannot escape. Water 
pressure simultaneously forces open the 
spring-loaded disk and allows water to 
flow through the device. 

When water flow stops or if a partial 
vacuum develops within the water supply 
piping, the disk is pulled back into posi- 
tion by its spring, allowing air to enter the 
water supply piping and preventing back- 
siphonage. A handheld tub and shower 
spray vacuum breaker is not required 
if the bathtub faucet operates the shower 
head through a diverter spout that falls 
back to the tub-fill position by gravity. 


Cleaver-Brooks 
An RPZ backflow preventer is installed on the water supply of equipment 
operating under pressure, such as a boiler. 


Pressure Vacuum Breakers (PVBs). 
A pressure vacuum breaker (PVB) is an 
atmospheric vacuum breaker used for 
continuous or noncontinuous water pres- 
sure applications; it can be tested while 
the device is installed in the piping. PVBs 
consist of a spring on top of the float as- 
sembly. two spring-loaded check valves, 
ball or gate valves at the inlet and outlet. 
and two test cocks. See Figure 11-12. 
When water is at rest in the pipe and 
PVB. the first and second check valves 
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are in the closed position. As water flows 
through the water supply piping, the first 
check valve is forced open by the water 
pressure and water flows through the PVB. 
Water pressure forces the check valve 
diaphragm over the atmospheric vents and 
seals them so water cannot escape. When 
back pressure occurs, the first check valve 
is forced closed and the second check 
valve opens because of spring pressure 
forcing the valve from its seat. Contents 
from downstream piping are vented to the 
atmosphere and air is introduced into the 
system to equalize the pressure. PVBs are 
available in 3⁄4” to 2” sizes and are used for 
protection against back-siphonage. PVBs 
do not protect against back pressure. 

PVBs have integral test cocks that 
are connected to a gauge assembly to 
indicate whether the vacuum breaker 1s 
functioning properly. Many states require 
regular testing of PVBs by certified third- 
party inspection services. Always refer 
to the plumbing code applicable in your 
location to determine the frequency and 
documentation required when testing 
PVBs. The critical level of a PVB must 
be a minimum of 12” above any down- 
stream piping or equipment, and the PVB 
must be installed in an upright position. 
In addition, a drain should be provided 
since water may be released from the 
vent of a PVB. 

PVBs are available for a variety of 
health hazard and non-health-hazard 
applications. See Figure 11-13. PVBs 
are installed on lawn sprinklers controlled 
by timers or zone valves. They must be at 
least 12” above the highest sprinkler head. 
PVBs are also used to prevent cross 
connection between the potable water 
supply and a process tank containing 
chemicals by installing the device at least 
12” above the flood level rim of the tank. 


Field testing of pressure vacuum break- 
ers involves testing of both check valves. 
A pressure vacuum breaker must be pres- 
surized and the air inlet must be closed. 
The air inlet canopy must be removed. 


Pressure Vacuum Breaker Operation en Figure 11-12 | 
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Figure 11-12. A pressure 
vacuum breaker (PVB) is 
used for continuous water 
pressure applications. It is 
tested while the device is 
installed in the piping. 
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Pressure Vacuum 
Breaker Applications 
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Figure 11-13. PVBs are used for a 
variety of health hazard and non-health- 
hazard applications. 


Many municipalities require the installation of a backflow prevention on the 
building water service pipe. 
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Check Valves 

A check valve is a valve that permits 
fluid flow in only one direction and 
closes automatically to prevent back- 
flow. Check valves provide protec- 
tion against back-siphonage and back 
pressure. 


Double Check Valves with Interme- 
diate Atmospheric Vents. A double 
check valve with intermediate atmo- 
spheric vent is a backflow prevention 
device used to protect against back 
pressure and back-siphonage and that 
can be used for continuous pressure 
applications. Double check valves 
with intermediate atmospheric vents 
are typically installed in heating and 
cooling systems to prevent water or 
other fluid used in the system from 
entering the potable water supply. See 
Figure 11-14. 

A double check valve with an inter- 
mediate atmospheric vent consists 
of two check valves within the body 
with an atmospheric vent chamber be- 
tween the valves. During normal flow 
condition, the vent chamber remains 
closed due to the water pressure in the 
water supply piping. See Figure 11-15. 
Lack of water supply pressure or back- 
siphonage opens the vent chamber to 
the atmosphere and allows water to 
drain from the vent. 

Double check valves with intermedi- 
ate atmospheric vents are available in 
V2” to ¥4” sizes. They are typically in- 
stalled on the heating or cooling system 
water supply for one- or two-family 
dwellings. Double check valves with 
intermediate atmospheric vents are 
not permitted for heating or cooling 
systems containing a glycol mixture. 


Double Check Valve Assemblies 
(DCVAs). A double check valve as- 
sembly (DCVA) is a device installed 
on a building water service to protect 
the potable water supply in street water 
mains from backflow caused by cross 
connections within a building. 


Double Check Valves with Intermediate 


Atmospheric Vents — Figure 11-14 
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Double Check Valve with Intermediate 


Atmospheric Vent Operation —_.__ ‘Figure 11-15 
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Figure 11-14. A double 
check valve with an inter- 
mediate atmospheric vent 
is installed on the potable 
water supply of a residen- 
tial hot water boiler. 


Figure 11-15. The vent 
chamber of a double 
check valve with inter- 
mediate atmospheric vent 
remains closed during 
normal flow condition, but 
opens to the atmosphere 
if backflow occurs. 
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| il 
Double check valves 
with intermediate at- 
mospheric vents are 
typically installed in 
heating and residential 


Systems. 


Figure 11-16. Double 
check valve assemblies 
(DCVAs) protect the po- 
table water supply in street 
water mains from backflow 
within a building. 
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DCVAs are commonly used to pro- 
tect against cross connection for non- 
health-hazard, nontoxic installations such 
as food or beverage processing equipment. 
as well as commercial installations such 
as multifamily dwellings and hotels. The 
devices are designed to be used under con- 
tinuous pressure and protect against 
back-siphonage and back pressure. 
DCVAs are manufactured in a variety of 
styles in sizes from 1⁄2” to 10”. 

A DCVA consists of two indepen- 
dently acting. spring-loaded check valves 
within one body and resilient-seated ball 
or gate valves at the inlet and outlet of 
the device. See Figure 11-16. Spring- 
loaded check valves can compress small 
particles of debris in the water and still 
provide a tight seal. Four test cocks are 


Double Check Valve Assemblies — 
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installed on a double check valve assem- 
bly so the device can be tested to ensure 
the check valves are operating properly. 

DCVAs should be installed a mini- 
mum of 12” and a maximum of 30” above 
the floor. Adequate side and top clearance 
must be provided around DCVAs to pro- 
vide room for testing and maintenance of 
the device. A minimum of 12” and 24” 
clearance should be provided around 
the valves and test cocks, respectively. 
Larger assemblies may require greater 
clearances. 

During normal flow condition, the 
check valves are spring-loaded in the 
closed position and require approxi- 
mately | lb of water pressure to open 
and allow water passage. If backflow 
occurs or the pressure downstream of 
the device increases above the supply 


Figure 11-16 
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pressure, both check valves close, pre- 
venting contamination from entering the 
potable water supply. 


Residential Dual Check Valves. A 
residential dual check valve is a device 
used to provide backflow protection for 
the potable water supply from cross 
connections within a residence. Resi- 
dential dual check valves are installed 
immediately downstream of the water 
meter. See Figure 11-17. 
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Figure 11-17. Residential dual check 
valves provide backflow protection for the 
potable water supply from cross connec- 
tions within a residence. 


Many municipalities require a residential 
dual check valve or a double check valve 
assembly on residential water supplies to 
ensure safety of the potable water in the 
street water mains. 

A residential dual check valve consists 
of two replaceable check valves contained 
within a bronze or copper body. See Fig- 
ure 11-18. During normal flow condition, 
the check valves open and allow water to 
pass. However, whenever back-siphonage 
or back pressure occurs in the system, the 
check valves immediately close to protect 
the water supply in the street mains. 


Residential Dual Chec 
Valve Operation 


OUTLETS 


— CHECK VALVE 


_— BODY 


— CHECK VALVE 


Figure 11-18 aen = 


Beverage Dispenser Carbonator Dual 
Check Valves. Beverage dispenser car- 
bonators, commonly used for soft-drink 
dispenser systems in bars, restaurants, and 
convenience stores mix carbon dioxide 
(CO,) gas, water, and beverage syrup. See 
Figure 11-19. If the CO, regulator fails 
and a dual check valve is not installed. 
high-pressure CO, gas could backflow 
into the potable water supply system. CO, 
reacts with copper tube and forms a toxic 
compound that may cause illness or death. 


A 


Figure 11-18. Residential 
dual check valves open 
during normal flow condi- 
tion and allow water to 
pass. 


Watts Regulator Company 


A dual check valve with an atmospheric port prevents the reverse flow of 
contaminated water into the potable water supply system. 
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See 


Figure 11-19. Stainless 
steel dual check valves 


Stainless Steel Dual Check Valves e figure 11-19 | Figure 11-19 
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are used to protect the 
potable water supply from 
CO, gas or beverage syr- 
up contamination. 
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Beverage dispenser carbonator check 
valves are manufactured with a stainless 
steel body in 3⁄2” flared copper tube 
size. An approved stainless steel dual 
check valve must be installed upstream 
from the carbonator to provide proper 
backflow protection. 

A beverage dispenser carbonator dual 
check valve consists of a body that con- 
tains three check valves—two poppet-type 
check valves and one ball check valve. 
See Figure 11-20. When a beverage is 
not being dispensed and the liquid and 
gas in the supply lines are at rest, the first 
check valve seats against its diaphragm 
and seals off the atmospheric ports. The 
second check valve seals against its seat 
due to spring pressure; the ball seals 
against the ball check seat. When a bever- 
age is dispensed (normal flow condition), 
the first check valve pulls away from the 
diaphragm and the atmospheric ports are 
covered by the deflected diaphragm. 
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The second check valve and ball check 
valve open, allowing potable water to 
flow to the carbonator. If back pressure 
occurs in the system, the ball in the ball 
check valve is forced against its seat. 

The second check valve seals tightly 
against its seat, and the first check valve 
seals tightly against the diaphragm. The 
atmospheric port opens and permits air to 
enter the central chamber. If the second 
check valve became fouled, CO, leakage 
would be vented to the atmosphere through 
the atmospheric port. 


When a check valve gets dirty, the ball 
or poppet cannot seal completely against 
the seat, causing water leakage through 
the valve. The only way to clean a check 


valve is to remove and clean it manually. 


Beverage Dispenser Carbonator Check Valve Operation 


Figure 11-20 


(_____ SS en 


play eee 
Pan 


3s 
OUTLET 


- ATMOSPHERIC 
PORT 


NO FLOW CONDITION < 


NORMAL FLOW CONDITION 


_ ——— FLOW DIRECTION 


~~ FIRST CHECK 
VALVE OPEN 


— BALL CHECK 
VALVE OPEN 
ATMOSPHERIC 
PORT CLOSED 


I. y 


IQ . 


__-— FIRST CHECK 
VALVE CLOSED 


Ar| — SECOND CHECK 
VALVE CLOSED 


> BALL CHECK 
VALVE CLOSED 


_-— BACK PRESSURE 


- CO, VENTED IF 
FOULING OCCURS 


BACK PRESSURE CONDITION 


Figure 11-20. Two poppet-type check valves and one ball check valve provide backflow protection. 


Reduced Pressure Zone (RPZ) 
Backflow Preventers 


A reduced pressure zone (RPZ) back- 
flow preventer is a device that provides 
backflow protection for the potable 
water supply consisting of two indepen- 
dently operated check valves with an 
automatic operating differential relief 
valve located between the two check 
valves. See Figure 11-21. RPZ backflow 
preventers, available in ¥2” to 10” sizes, 
provide maximum protection against 
backflow from back-siphonage or back 
pressure. They are commonly used 
in low- and high-hazard applications. 
Resilient-seated ball or gate valves are 
installed at each end of an RPZ backflow 
preventer for water shutoff to the device 
for maintenance and repair. Strainers are 
installed before RPZ backflow preven- 
ters to remove any foreign matter that 
could cause the RPZ backflow preventer 
to malfunction. 


The double check valve came into common 
use around 1900. 


RPZ backflow preventers must be prop- 
erly installed to provide adequate clear- 
ance for testing and maintenance of the 
device. RPZ backflow preventers should 
be installed a minimum of 12” and a 
maximum of 30” to 36” above floor level. 
Approximately 24” clearance should be 
provided around an RPZ backflow pre- 
venter, and a drain must be provided for 
proper drainage of the device. 
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Figure 11-21. A reduced 
pressure zone (RPZ) 
backflow preventer pro- 
vides backflow protection 
for the potable water sup- 
ply and lowers the water 
supply pressure. 
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Figure 11-22. Check 
valve springs resist wa- 
ter flow through an RPZ 
backflow preventer. 
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Three springs contained in the check 
valves of an RPZ backflow preventer 
reduce the water pressure delivered to the 
outlet of the device by resisting water flow. 
See Figure 11-22. The minimum pressure 
rating for the first check valve spring is 
5 psi. Therefore, the pressure in the reduced 
pressure zone is at least 5 psi less than the 
supply pressure. The minimum pressure 
rating for the second check valve spring 
is 2 psi. Based on the minimum spring 
ratings for RPZ backflow preventers, 


RPZ Backflow Preventer 
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the outlet pressure of the devices is at 
least 7 psi less than the supply pressure. 

For example, water enters an RPZ 
backflow preventer at the inlet at 60 psi. 
A small portion of the water is diverted to 
a diaphragm holding the relief valve. The 
remainder of the water passes through the 
first check valve containing a 10 psi spring, 
which reduces the pressure to 50 psi 
in the reduced pressure zone. Water exits 
the reduced pressure zone through the 
second check valve containing a 3 psi 
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BACK-SIPHONAGE CONDITION 


spring and continues on to supply the 
point of use at 47 psi (60 psi — 10 psi — 
3 psi = 47 psi). 

During normal flow condition, the check 
valves are normally open, and the pres- 
sure in the reduced pressure zone between 
the check valves is normally lower than 
the supply pressure. The relief valve is 
set to the normally closed position, and 
automatically opens to provide a passage 
between the zone and the atmosphere if 
the pressure within the zone equals or 
exceeds the supply pressure. 

During back-siphonage condition, no 
water pressure 1s placed against the dia- 
phragm holding the relief valve closed. The 
relief valve is forced open by the spring 
and water within the reduced pressure zone 
vents to the atmosphere. i 

During back pressure condition, the 
second check valve closes and prevents 
backflow. If the second check valve is 
fouled, water seeping past the valve into 
the reduced pressure zone raises the 
pressure within the zone. The pressure 
increase within the zone plus the force of 
the spring on the relief valve forces open 
the diaphragm, opening the relief valve 
and venting the device to the atmosphere. 


Reduced Pressure Zones = 


If both check valves in the device are fouled 
and a failure in the water supply pressure 
occurs, the relief valve is forced open 
by the spring and back pressure within 
the system would vent out of the device. 
See Figure 11-23. A strainer should be 
installed on the upstream side of an RPZ 
backflow preventer to minimize fouling 
of the check valves from debris flowing 
through the piping. 

An RPZ backflow preventer must be 
properly maintained to ensure proper pro- 
tection of the potable water supply. Many 
plumbing codes require a separate permit 
be taken out for each RPZ device prior 
to installation so the utility department 
has a record of the device. In addition, 
plumbing codes commonly require that 
RPZ backflow preventers be tested after 
installation and annually thereafter by a 
certified third-party inspection service. 
RPZ backflow preventers must be rebuilt 
every five years, and all internal rubber 
parts must be replaced. Testing and re- 
building procedures for RPZ backflow 
preventers are typically performed by 
specially trained plumbers, many of 
whom are issued a special license to 
perform the procedures. 
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Figure 11-23. An RPZ 
backflow preventer pre- 
vents backflow when both 
check valves are fouled. 
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CROSS CONNECTION 
CONTROL PROGRAMS 


The Safe Drinking Water Act of 1974 
established national standards and regula- 
tions for safe drinking water through the 
Environmental Protection Agency (EPA). 
The law was amended in 1986 and 1996. 
Individual states are responsible for enforc- 
ing the standards and regulations, as well as 
the supervision of public water supply sys- 
tems and sources of drinking water. Water 


suppliers must comply with the standards 
and regulations and deliver potable water 
to consumers without water quality being 
compromised. Cross connection control 
programs were developed by water sup- 
pliers and manufacturers to address cross 
connection control for a building or facility. 
Cross connection control programs range 
from isolation of a consumer from the wa- 
ter main to the fixture outlet protective basis 
where individual fixtures are protected 
from other internal substances. 


REVIEW QUESTIONS 


1. What is potable water? 


2. List two physical conditions that can cause backflow. 
3 


. How can potable water supply systems be protected from cross connections? 


. What is the purpose of a barometric loop? 


4 
5. Discuss the placement of a water supply valve in relation to an atmospheric vacuum 


breaker. 


D 


- How do pressure vacuum breakers differ from atmospheric vacuum breakers? 


7. Detail the operation of an RPZ backflow preventer. 
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he majority of the piping installed 

by plumbers serves one of two 

uses: it either supplies water to a 
plumbing fixture or appliance, or it drains 
the waterborne waste from a fixture or 
appliance after the fixture has been used. 

A plumbing fixture is any receptacle or 
device that is connected permanently or 
temporarily to a water distribution system. 
demands a supply of potable water, and 
discharges waste directly or indirectly 
into a sanitary drainage system. Common 
fixtures include lavatories, water closets, 
and bathtubs. 

An appliance is a plumbing fixture that 
performs a special function and is con- 
trolled and/or energized by motors, heating 
elements, or pressure- or temperature- 
sensing elements. Common appliances 
include water heaters and water softeners. 
Control of potable water and wastewater 
flow is accomplished through the use of 
fixture trim. 

Fixture trim is the water supply and 
drainage fittings installed on a fixture or ap- 
pliance to control water flow into a fixture 
and wastewater flow from the fixture to a 
sanitary drainage system. 

Plumbing fixtures are manufactured 
from durable, corrosion-resistant, and 
nonabsorbent materials, and have smooth 
surfaces that can be easily cleaned. Ma- 
terials used to manufacture plumbing fix- 
tures are vitreous china, marble, enameled 
cast iron, enameled steel, stainless steel, 
fiberglass, and plastic resins. To stand up 
to the hard use they will receive, plumb- 
ing fixtures and appliances must be func- 
tional, well built, and attractively designed. 
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Plumbing fixtures and appliances are 
available in a variety of styles and colors 
to coordinate with the room color scheme. 
In 1992, the Americans with Disabilities 
Act (ADA) was enacted to provide greater 
accessibility to public and commercial 
buildings for people with physical dis- 
abilities. The ADA applies to all new public 
and commercial buildings. While the ADA 
does not specifically apply to residential 
construction, a variety of ADA-compliant 
residential fixtures and appliances are avail- 
able to accommodate people with physical 
disabilities. ADA-compliant fixtures and 
appliances provide users with additional 
maneuvering room and special features 
such as grab bars. ADA-compliant fixtures 
and appliances must be positioned at the 
proper height, and may require specialized 
fittings or trim to operate properly. 


Elkay Mfg Co 
An ADA-compliant water cooler is designed and installed to provide users 
with physical disabilities room to maneuver. 
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| WATER CLOSETS 
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Plumbing fixtures are 
manufactured from du- 
rable, corrosion-resistant, 
nonabsorbent materials, 


A water closet, or toilet, is a water-flushed 
plumbing fixture that receives human liq- 
uid and solid waste in a water-containing 
receptacle and, upon flushing, conveys the 
waste to a soil pipe. Most water closets 
are manutactured from vitreous china 
although some institutional water closets 
are made from stainless steel. Vitreous 
china is aceramic compound fired at high 
temperature to form a nonporous material 
with a ceramic glaze fused to the surface. 
Vitreous china does not absorb odors and 
is easily cleaned with a soft cloth. 

Water closets are rated at 6 dfu, and 
require a minimum of 3” waste and 2” 
vent pipes. Water closets equipped with a 
flush tank require a 12” water supply, while 
water closets equipped with flushometer 
valves require a 1” water supply. Water 
closets are floor-set or wall-hung. See 
Figure 12-1. A floor-set water closet is a 
water closet installed directly on the floor 
and is common in residential construction. 
A wall-hung water closet is a water closet 
suspended trom the wall on a support- 
ing chair carrier and used in commercial 
construction. 

Water closet bowls are elongated or 
round front (also called plain bowl). See 
Figure 12-2. Elongated bowls measure 
approximately 14” wide by 18%” long, 
measured from the seat hinge holes to the 
front outside rim edge. Round front water 
closet bowls measure approximately 14” 
wide by 1642” long measured from the 
seat hinge holes to the front outside rim 
edge. Round front water closet bowls are 
installed in residential construction, while 
elongated water closet bowls are installed 
in commercial and public buildings. 
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Most water closets are made of vitreous 
china, which is a ceramic compound fired 
at high temperature to form a nonporous 
material with a ceramic glaze fused to the 
surface. Vitreous china does not absorb 
| odors and is easily cleaned with a soft cloth. 
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Figure 12-1. Water closets are floor-set 
or wall-hung. 
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Figure 12-2. Elongated water closet 
bowls measure approximately 14” x 
18%” and round bowls measure approxi- 
mately 14” x 16%”. 


Water Closet Bowl 
Operating Principles 
Water closet quality is based on the ef- 
ficiency with which it flushes, or elimi- 
nates waste from the bowl. The siphonic 
flushing action of a water closet is pro- 
duced by a decrease in pressure on the 
outlet side of the trap caused by water 
passing through the outlet passageway 
when the water closet is flushed. 
Depending on the style of water closet, 
the water spot, trap seal, and passageway 
configuration vary. See Figure 12-3. 
The water spot, or water surface, is the 
surface area of the water in a water closet 
bowl when a flush is completed; usually 
measured in inches of width by length. 
A trap seal is the height of, water in a 
water closet bowl, which prevents sewer 
gases from entering a living area. Trap 
seal is measured while the water is at rest. 
and is measured from the top of the dam 
or water spot to the inlet of the passage- 
way. The passageway is the channel that 
connects a water closet bowl to the outlet. 
Since the passageway configuration is 
not circular, the passageway diameter 


Water Closet Styles 


is measured by the largest diameter ball 
it will pass, and is generally 1⁄8” larger 
than the maximum size ball that can pass 
through it. 

The passageway outlet diameter of a wa- 
ter closet trap is smaller than the passage- 
way inlet diameter. The trap 1s constructed 
of short offsets and turns to slow the flow 
of water through it and build a head of wa- 
ter in the water closet bowl. When a water 
closet is not being used, equal pressure 
is present on each side of the trap. When 
a water closet is flushed, water passing 
through the passageway eliminates air in 
the passageway outlet, producing a partial 
vacuum. Atmospheric pressure and the 
head of water on the inlet side of the trap 
force waste from the fixture. 
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Water closets use a siphonic flushing ac- 
tion produced by a decrease in pressure 
on the outlet side of the trap caused by 
water passing through the outlet when the 
water closet is flushed. 
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Hard water deposits may 
clog water closet rim holes 
and passageways over 
time. Use a commercial 
cleaner recommended for 
removal of hard water de- 
posits to open the rim holes 
and pussugeways. 


Figure 12-3. The water 
spot, trap seal, and pas- 
sageway configuration 
of a water closet varies 
depending on the style of 
the fixture. 
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Figure 12-4. The flush- 
ing action of a siphon jet 
water closet provides the 
Siphonage necessary to 
properly remove waste 
from the water closet 
bowl. 
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A variety of water closet designs are 
available, including siphon jet, gravity-fed, 
and blowout. A siphon jet water closet is 
a water closet with a siphonic passageway 
at the rear of the bowl and an integral flush 
rim and jet. A gravity-fed water closet, or 
rim jet water closet, is a water closet that 
uses the gravity from water falling from 
the water closet tank to begin the flushing 
action. A blowout water closet is a water 
closet with a nonsiphonic passageway at 
the rear of the bow] and an integral flush 
rim and jet. Blowout water closets are used 
in commercial construction with flushom- 
eter valves. The water spot and passage- 
way diameter of siphon jet, gravity-fed. 
and blowout water closets vary with the 
design and manufacturer. 
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A low-consumption water closet is de- 
signed to use 1.6 gal. of water (or less) 
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Siphon Jet Water Closets. The flushing 
action of wall-hung and floor-set siphon 
jet water closets provides the siphon- 
age necessary to properly remove waste 
from the water closet bowl. A jet is an 
orifice (opening) at the base of a bowl 
that directs water into a passageway inlet 
to help create a siphonic flushing action. 
See Figure 12-4. The flushing action of 
a siphon jet water closet consists of the 
following steps: 


Figure 12-4 
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l. Water enters the water closet bowl 
through the rim holes and jet. The wa- 
ter level rises in the bowl and begins 
to flow over the dam. 


2. Water continues to enter the pas- 
sageway and flows steadily over the 
dam. Water flows to the rear wall 
of the passageway, and is then redi- 
rected to the opposite wall, creating a 
water curtain across the passageway 
and preventing air from entering the 
passageway. 


3. The passageway water level begins 
to rise. As the water level in the pas- 
sageway outlet rises, air from the 
passageway mixes with water exiting 
the closet. 


4, The passageway fills and a siphon 
action is created, flushing the bowl. 


5. The siphon is broken and the flush- 
ing action stops as the water level in 
the bowl drops enough for air to be 
introduced into the passageway, and 
the flush stops. 


6. Water continues to flow through the 
rim holes to refill the water closet 
bowl to prevent sewer gases from 
entering the living space. 


Gravity-Fed Water Closets. A gravity- 
fed water closet is a floor-set fixture that 
uses the gravity of falling water from the 
water closet tank to begin the flushing 
action. See Figure 12-5. The flushing ac- 
tion of a gravity-fed water closet consists 
of the following steps: 


1. Water is released into the water closet 
bowl when the trip lever is pushed. 


2. Water enters the water closet bowl 
through rim holes, raising the water 
level and scouring the bowl. 


3. Water flows over the dam, and a 
siphonic action is created due to the 
weight of the water and gravity. 


4. Wastewater and waterborne waste are 
carried out of the bowl and into the 
soil pipe. 


Blowout Water Closets. A blowout water 


closet is primarily used for installations 
such as healthcare facilities where a large 
volume of waste is anticipated. The flushing 
action of a blowout water closet requires a 
large water jet directed into the water 
closet passageway inlet. See Figure 12-6. 


Gravity-Fed Water 
Closet Operation 
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Figure 12-5. A gravity-fed water closet 
uses the gravity of falling water from the 
water closet tank to begin the flushing 
action. 
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Figure 12-6. The flushing action of a 
blowout water closet uses a large water 
jet directed into the water closet pas- 
sageway inlet. 
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Blowout water closets can flush large 
amounts of toilet paper and waste without 
becoming plugged. However, blowout wa- 
ter closets require 3.5 gal. of water to flush 
properly. The flushing action of a blowout 
water closet consists of the following steps: 
l. Water is initially released into the 
flush rim of the water closet to scour 
the bowl when the flushometer valve 
is activated. Additional water is di- 
rected to the priming jet. 


2. The priming jet force draws the con- 
tents of the bowl into the passageway 
inlet and forces (blows) the contents 
into the passageway outlet to flush 
the bowl. 


3. Water continues to flow into the wa- 
ter closet bowl through the flush rim 
to refill the bowl and provide protec- 
tion against Sewer gases entering the 
living area. 


Wall-hung blowout water closets are 
anchored to the supporting chair carrier 
with three bolts; siphon jet water closet 
bowls have four bolts. 


Water Closet Flush Devices 

The Energy Policy Act of 1992 mandated 
that the maximum volume of water used 
for flushing water closets, except blowout 
water closets, is 1.6 gal. per flush (gpf). 


Electronic flushometer valves use a sensor to activate the flush cycle. 
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Flush devices. such as flush tanks (also 
called toilet tanks), pressure tanks, and 
flushometer valves, are designed to de- 
liver the proper amount of water to the 
water closet bowl and provide the neces- 
sary scouring action to clean the bowl. 


Flush Tank Operation. Flush tanks are 
usually used on residential water closets. 
A flush tank is a reservoir that retains the 
supply of water used to flush one water 
closet. Flush tank operation 1s quiet, 
and requires only low water pressure 
and a small volume of water for proper 
operation. A flush tank can be supplied 
with 14” pipe, which lowers installation 
cost. Most residential water closets are 
two-piece construction, consisting of the 
water closet bowl and flush tank. How- 
ever, some water closets are one-piece 
construction with an integral flush tank 
within the body of the water closet. 

A water closet flush tank consists of 
either a float valve or a ball cock as- 
sembly connected to the water supply 
and a flush valve assembly including an 
overflow tube, valve seat. and a rubber 
flapper attached to a trip lever with a lift 
chain or plastic strap. 

A ball cock assembly consists of a seat 
faced with a soft rubber compression 
washer. The rubber washer. which is 
fastened to the float valve plunger, moves 
up and down over the seat. The plunger is 
connected to a brass float rod. which has 
the brass or plastic float threaded onto the 
end. In a float valve assembly the float is 
a moving part of the assembly body. See 
Figure 12-7. 

To flush the water closet, the trip lever 
on the outside of the flush tank is pressed, 
which raises the rubber flapper from the 
flush valve seat. The water in the flush 
tank quickly flows by gravity into the wa- 
ter closet bowl, creating a siphonic action 
in the bowl. The flapper floats back down 
onto its seat as the water level decreases 
and is sealed against the seat by the ac- 
tion of the water passing into the closet 
bowl. When the flapper has reseated, the 
flush is stopped and the water closet tank 
refills with water. 


Flush Tanks Figure 12-7. Flush tanks 
are typically used on resi- 


dential water closets. 
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The flush valve assembly includes an 
overflow tube. which bypasses the flush 
valve seat. The overflow tube allows any 
ball cock or water control assembly leak- 
age to enter the closet bowl rather than 
overflow the tank. Water from the refill 
tube is piped into the overflow tube. Since 
water closets are flushed by siphonic ac- 
tion that removes most of the water from 
the trap. the refill tube replaces the trap 
seal to prevent sewer gases from passing 
through the water closet trap. Water fow 
through the refill tube stops when the 
float reaches the proper height. 


Pressure Tank Operation. A pressure 
flush water closet is a water closet in 
which water is stored in a 1.6 gal. pressure 
tank before it is discharged to the fixture 
at a high velocity. The pressure tank is 
mounted within the water closet tank. 
and requires a 1⁄2” water supply pipe at a 
minimum water supply pressure of 25 psi 
to operate properly. See Figure 12-8. The 
operation of a pressure flush water closet 
consists of the following steps: 
1. Water enters the pressure tank under 
normal working water pressure and 
compresses air in the tank. 


Kohler Ca 


2. The trip lever is pushed and pressur- 
ized water is discharged to the water 
closet bowl and water jet. 


3. Pressurized water enters the bowl 
through the rim holes, providing the 
necessary scouring action to clean 
the bowl. 


4. Pressurized water surges through the 
jet. creating a siphonic action in the 
fixture passageway that carries the 
waste through the trap passageway 
and into the soil pipe. Water contin- 
ues to flow into the water closet bow] 
through the flush rim to refill the 
bowl and provide protection against 
sewer gases entering the living area. 


| 


Pressure tank water closets are de- 

signed to be more efficient than stan- 

dard flush tank water closets. Water 

is discharged at a much higher veloc- 

ity and less water ts needed to flush 
| the tank. 


+ 
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Figure 12-8. A pressure 
flush water closet is a 
water closet in which wa- 
ter is stored in a 1.6 gal. 
pressure tank before it is 
discharged to the fixture 
at a high velocity. 
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A diaphragm flush- 
ometer valve will con- 
tinue to flush if dirt or 
other debris plugs the 
bypass port. Clear the 
dirt or debris to resume 


| normal operation. 
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Pressure Flush Water Closet Operation aes Figure 12.8 | 12-8 
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Flushometer Valves 


A flushometer valve is a flush device 
actuated by direct water pressure to sup- 
ply a fixed quantity of water for flushing 
purposes. It is commonly used to flush 
water closets, urinals, and some types of 
hospital fixtures. A flushometer valve can 
be operated in 6 sec to 10 sec intervals. 
A flushometer valve has a small num- 
ber of working parts and is very easy 
to maintain. Water closet flushometer 
valves are available in 1.6 gpf models 
for new construction and 3.5 gpf models 
for blowout water closets and for repair 
of water closets installed before 1992. 
Water closet flushometer valves must be 
supplied with a 1” pipe. 


Diaphragm Flushometer Valves. Dia- 
phragm flushometer valves are the 
most common flushometer valves. A 
diaphragm flushometer valve is a flush- 
ometer valve in which a segmented 


The control stop of a flushometer valve 
regulates the volume of water entering a 
commercial water closet or urinal. 
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diaphragm within the valve body controls 
flushing water by equalizing pressure on 
both sides of the diaphragm. 

When the flushometer valve is not in 
use, the valve is divided by a diaphragm 
into upper and lower chambers with equal 
water pressure on both sides. Greater sur- 
face area on top of the diaphragm holds the 
diaphragm onto its seat. See Figure 12-9. 
Handle movement in any direction 
pushes the plunger, which tilts the relief 
valve and allows water to escape from the 
upper chamber into the lower chamber. 
Water pressure in the lower chamber in- 
creases and raises the relief valve, disk, 
diaphragm, and guide, allowing water to 
flow through the valve outlet and through 
the flush tube to flush the fixture. 

A small amount of water flows through 
the bypass port in the diaphragm while the 
valve is operating, gradually refilling the 
upper chamber and equalizing the pressure 
again. The diaphragm returns to its seat 
and closes the valve as the upper chamber 
fills. If the bypass port becomes plugged 
with dirt or other debris, a flushometer 
valve will continue to flush until the dirt or 
debris is cleared since no water can enter 
the upper chamber to equalize the pressure 
and stop the flush. 


Diaphragm Fiushometer Valves = 


Figure 12-9 
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Figure 12-9. A diaphragm flushometer valve contains a relief valve diaphragm 
within the valve body that discharges water to a fixture by equalizing pressure on 


both sides of the valve. 


Water Closet Seats 


A water closet seat is a device installed 
above the rim of a water closet to support 
the user of the fixture. Water closet seats 
are manufactured from solid plastic or 
pressed wood fibers and are coated with a 
smooth, nonabsorbent finish. Water closet 
seats are available in a variety of colors 
with closed or open fronts. Closed front 
water closet seats are used for residential 
applications and open front seats are used 
for commercial and public applications. 


ADA-Compliant Water 

Closet Installation 

The top of an ADA-compliant water 
closet seat must be between 17” and 
19” above finished floor level. See Fig- 
ure 12-10. ADA-compliant floor-set 
water closets are manufactured with 
the closet bowl 11⁄2” to 2” taller than 
standard water closets. Wall-hung water 
closet supporting chair carrier fittings are 
adjusted to raise the waste outlet piping 
to 7%” to 8” above the floor, depending 


on the water closet manufacturer. Water 
closet flush tanks and flushometer valves 
are interchangeable between standard 
and ADA-compliant closets. 

An ADA-compliant water closet must 
be positioned in the restroom stall or 
bathroom to provide adequate clear floor 
space to allow a wheelchair-bound user 
to maneuver within the stall or bathroom 
and to permit side transfer of the user 
from a wheelchair to the water closet. 
Grab bars are installed at the back wall 
and close wall side of the water closet to 
aid the user in transferring from a wheel- 
chair to the fixture. Detail drawings on 
the job specifications should be referred 
to for the proper positioning of grab bars 
for use with a water closet. 


Plumbing fixtures to be used by disabled 

individuals must meet requirements of 

the Americans with the Disabilities Act 
| (ADA). 
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Figure 12-10. Water clos- 
et height, adequate clear 
floor space, and grab bars 
are required for ADA- 
compliant water closets. 
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ADA-Compliant Water Closets 


Figure 12-10 
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fron in water can produce stains on 
plumbing fixtures when the amount of 
iron ts 0.3 parts per million or greater. 


URINALS 


A urinal is a plumbing fixture that receives 
only liquid body waste and conveys the 
waste through a trap seal into a sanitary 
drainage system. Urinals are manufac- 
tured from smooth, nonabsorbent materi- 
als such as vitreous china, enameled cast 
iron, or stainless steel and are available in 
various flushing actions including wash- 
out, siphon jet, and blowout. 
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Washout Urinals 


Washout urinals are the most common 
type of urinals installed. A washout urinal 
is a urinal in which liquid waste is washed 
from a trap rather than flushed. Water en- 
ters the top of a washout urinal and flows 
into the fixture bowl through openings in 
the top rim. The water spreads across the 
back of the urinal and flows by gravity 
through the trap into the sanitary drainage 
system. A washout urinal has a restricted 
opening over the trap inlet consisting of a 
stainless steel strainer, china grate, or small 
Openings cast into the fixture to prevent 
debris from entering the trap and plugging 
the fixture drain. 


Washout urinals are available in stall, wall- 
hung, or trough models. See Figure 12-11. 
A stall urinal provides access to all users 
regardless of their height. Stall urinals are 
installed with the lip slightly below the floor 
level to provide proper drainage for the area 
adjacent to the fixtures. A strainer, which is 
placed over the waste outlet of the urinal, 
is connected to a separate P-trap installed 
below floor level with a preformed rubber 
gasket. Stall urinals are rated at 3 dfu, and 
require a 2” waste pipe and P-trap and a 
11⁄4” vent pipe. 

Wall-hung urinals have integral or ex- 
posed P-traps. Integral-P-trap wall-hung 
washout urinals have a 2” P-trap within 


Washout Urinals — 
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the body of the urinal. The waste outlet 
is covered with a strainer, or several 
small holes are cast into the bottom of 
the fixture. Wall-hung washout urinals 
with integral P-traps are rated at 3 dfu, 
and require 2” waste and 11⁄4” vent pipes. 
Exposed-trap wall-hung washout urinals 
are rated at 2 dfu, and have a 11” P-trap 
and waste pipe and 11⁄4” vent pipe. 


Waterless urinals were developed to 
| conserve water and promote cleanliness. 


Figure 12°11 
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Figure 12-11. Washout 
urinals are available in 
Stall, wall-hung, or trough 
models. 
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and appliances. Avoid 
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Figure 12-12. A siphon jet 
urinal has a large opening 
over the trap inlet. 
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Trough urinals are manufactured from 
enameled cast iron and stainless steel and 
are available in 3’, 4’, 5’, and 6’ lengths. 
Trough urinals are commonly installed in 
sports facilities and other buildings where 
there are large crowds. Water enters a 
trough urinal through a perforated flush 
pipe attached to the upper back edge of the 
fixture. Waste flows out through a strainer 
located in the middle of the urinal and into 
an exposed 1%” P-trap. Trough urinals are 
rated at 2 dfu per 6’ section and require a 
11⁄4” vent pipe. 


Siphon Jet Urinals 


A siphon jet urinal is a wall-hung urinal 
in which the trap seal is forced from a trap 
through a large opening at the trap inlet. A 
jet at the base of the bow] directs water into 
the trap inlet to create the siphonic flushing 
action. Siphon jet urinals have a large open- 
ing at the bottom of the urinal over the trap 
inlet. See Figure 12-12. Siphon jet urinals 
are rated at 3 dfu, have an integral 2” trap, 
and require 2” waste and 11⁄4” vent pipes. 
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Blowout Urinals 


A blowout urinal is a wall-hung urinal 
with a nonsiphonic passageway at the rear 
of the bowl and an integral flush rim and 
jet. See Figure 12-13. Blowout urinals are 
flushed with a large jet of water that blows 
the waste out of the fixture trap. Blowout 
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urinals have a large opening to the trap 
inlet to accommodate nonliquid waste. 
Blowout urinals have noisy flushing ac- 
tion, and are installed in restrooms when 
noise is not a concern, such as in sports 
complexes. Blowout urinals are rated at 
3 dfu, have integral 2” P-traps, and require 
2” waste and 11⁄4” vent pipes. Blowout uri- 
nals require a 1” water supply to provide the 
volume of water necessary to force waste 
from the trap. 
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Figure 12-13. Blowout urinals are 
flushed with a large jet of water that blows 
the waste out of the fixture trap. 


Waterless Urinals 


To conserve water, lower maintenance 
and repair bills, and create an odor-free 
restroom, waterless urinals have been 
developed. A waterless urinal contains a 
removable cartridge with a floating liquid 
sealant in the drain opening at the bottom 
of the fixture. Liquid waste passes through 
a floating liquid sealant, which closes to 
seal off odors, and into the drainage pip- 
ing. The removable cartridge also provides 
the trap seal as the fixture itself does not 
have an integral trap. The cartridge and 
sealant fluid must be periodically removed 
and replaced by the building custodial 
staff. See Figure 12-14. 


ADA-Compliant Urinals 


Standard wall-hung urinals are used as 
ADA-compliant urinals, but the height of 


the fixture is lowered to accommodate the — Floor-set urinals are ADA-compliant if the 
user. The top of the flush rim of an ADA-  flushometer valve is a maximum of 44” 
compliant wall-hung urinal must be no above finished floor level. ADA-compliant 
more than 17” above the finished floor level urinals must have at least 30” of clear floor 
and the flushometer valve handle must bea space to provide adequate access to the 
maximum of 44” above finished floor level. fixture. See Figure 12-15. 


Waterless Urinal ee TO, Figure 12-14. A waterless 
> en Nase ~ ——— urinal contains a cartridge 
in the bottom of the fixture. 
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Urinal Flush Devices 

The Energy Policy Act of 1992 man- 
dated that the maximum volume of water 
used for flushing urinals is 1.0 gallons 
per flush (gpf). Urinals are flushed with 
manual or electric sensor flushometer 
valves to deliver water to the fixture 
for waste removal. Urinal flushometer 
valves require a minimum of 34” water 
supply pipe. 

The flushing of urinals in public rest- 
rooms presents a problem. The user of the 
urinal does not always flush the fixture after 
use. The electronic flushometer was devel- 
oped to automatically flush the urinal after 
each use. See Figure 12-16. Electronic 
flushometer valves sense the presence of a 


Electronic Flush Devices - 


user with a small infrared light beam which 
is constantly emitted from the valve. See 
Figure 12-17. 

When a user enters the effective range 
of the light beam, the beam is reflected 
into the sensor and transformed into a 
low-voltage electrical signal to activate the 
circuit. The circuit continues in a “hold” 
mode while the user remains within the 
effective range. As the user steps away 
from the fixture, another electrical signal 
energizes the fixture control solenoid that 
activates the flush cycle. After flushing, the 
circuit automatically resets and is ready for 
the next user. Electronic flushometer valves 
may be either battery-powered or direct 
wired to low-voltage current. 


Figure 12-16 
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Figure 12-16. Electronic flush devices are used with urinals in public washrooms. 
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Figure 12-17. An electronic flushometer 
valve uses a small infrared light beam to 
sense the presence of a user. 


Some urinals contain electronic sensor- 
controlled solenoid valves within the 
fixture body that discharge the flushing 
water through an air gap into the flush rim. 


Lavatories — 


These valves are battery-powered or direct 
wired to low-voltage current. Urinals that 
use this type of flushing system use only 
Y% gal. of water per flush and are supplied 
with a 2” water pipe. For ease of cleaning 
and to prevent vandalism, the electronic 
sensor is the only external component of 
an integral flushometer valve. 


LAVATORIES 


A lavatory, or washbasin, is a plumbing 
fixture used to wash the hands and face. 
Lavatories are installed in bathrooms and 
restrooms, are rated at | dfu, and require 
a 11⁄4” P-trap, waste pipe, and vent pipe. 
Lavatory water supply pipe is a minimum 
of 1⁄4” size. Lavatories are available in a 
wide variety of sizes, colors, and shapes, 
and are made from vitreous china. enam- 
eled cast iron, marble, glass, stainless 
steel, or acrylic plastics. Lavatories are 
available in wall-hung, pedestal, and 
countertop models. See Figure 12-18. 
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Figure 12-18. Lavatories are available in wall-hung, pedestal, and countertop models. 
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A port control faucet is a single-handle faucet that contains a cartridge or disc 
that opens or closes the water supply ports in the faucet body to provide water 
at the desired temperature and volume. 


eee 


— 


Standard lavatories can 
be used as ADA-compliant 
lavatories if the proper 
clearances are allowed 


| for users. 


A wall-hung lavatory is a lavatory 
supported by a stamped steel or cast 
iron bracket fastened to a backing board 
installed between wall framing members 
when the fixture is roughed in. The flood 
level rim of a wall-hung lavatory is typi- 
cally set at 31” above the finished floor 
level to permit the fixture user to stand 
slightly bent over the lavatory to allow 
washing water to drain from the arms 
back into the basin. Wall-hung lavatories 
are available in raised-back and ledge 
models. Raised-back, wall-hung lavato- 
ries support themselves better than ledge 
lavatories since there is more bearing 
surface on the back of the fixtures. 

A pedestal lavatory is a two-piece lava- 
tory with a washbasin resting directly on 
a pedestal base. The washbasin section is 
attached to the wall with a stamped steel 
bracket. A backing board is installed im- 
mediately behind the washbasin between 
the studs to provide proper support for the 
lavatory when the fixture is roughed in. 
Even though the washbasin is attached to 
the wall, the pedestal prevents downward 
movement of the basin. 

A countertop lavatory, or vanity lava- 
tory, is a lavatory installed in the opening 
of a bathroom or restroom cabinet or 
countertop, or on top of a cabinet frame. 
Several types of countertop lavatories are 
available including self-rimming, under- 
counter, and vanity-top lavatories. 
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A self-rimming lavatory is a lavatory in 
which the bow] is placed in an opening in 
the countertop, and the edge of the fixture 
rests directly on top of the countertop. A 
bead of adhesive caulk is placed under 
the lavatory edge prior to installation and 
another bead of caulk is placed around the 
edge of the rim after installation to prevent 
water from flowing between the countertop 
and lavatory. 

An undercounter lavatory is a lavatory 
attached to the underside of a countertop 
using rim clamps or other proprietary hard- 
ware. A bead of adhesive caulk is placed 
along the upper surface of the lavatory edge 
prior to installation so water does not leak 
into the cabinet. 

A vanity-top lavatory is a one-piece 
washbasin and countertop installed on top 
of a bathroom or restroom cabinet or sup- 
ported from wall framing members. Vanity- 
top lavatories are attached to bathroom or 
restroom cabinets using adhesive caulk or 
the hardware supplied with the fixture. 


ADA-Compliant Lavatories 


Standard lavatories can be used as ADA- 
compliant lavatories if the proper clear- 
ances are allowed for users. A minimum 
of 30” by 48” of clear floor space must 
be provided for a lavatory to allow unob- 
structed forward approach by a user. The 
clear floor space extends a maximum of 
19” under the lavatory. The flood level 
rim of ADA-compliant lavatories must 
be less than 34” above the finished floor 
level. See Figure 12-19. A minimum of 
29” must be provided below a lavatory rim 
to provide knee clearance. In addition, a 
6” x 9” minimum space must be provided 
for toe clearance. For ADA compliance, 
countertop lavatories in public buildings are 
installed with the countertop a maximum of 
34” above finished floor level. The bottom 
of a countertop apron cannot extend lower 
than 29” from finished floor level. 


The design of ADA-compliant lavatories 
allows people with physical disabilities 
E use a lavatory with minimum effort. 


Lavatory Installation : 


Figure 12-19 
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ADA-COMPLIANT 


ADA-compliant lavatories are available 
for installation in public and commercial 
buildings. See Figure 12-20. A wall-hung, 
ADA-compliant lavatory is mounted on 
a concealed carrier fitting so the flood 
level rim is positioned a maximum of 
34” above finished floor level. ADA- 
compliant lavatories are fitted with wrist 
blade handles or single-handle faucets. A 
wrist blade handle is an ADA-compliant 
faucet handle that does not require tight 
grasping by the hand or twisting of the 
wrist to properly operate a faucet. 

In public buildings, at least one lava- 
tory is designated as an ADA-compliant 
lavatory, depending on the occupancy of 
the building. P-traps of ADA-compliant 
lavatories may be offset back from the 
centerline of the fixtures to provide an un- 
obstructed approach by the user. Because 
the water supply piping and drainage pip- 
ing can become hot, they are wrapped or 
covered to prevent user injury. 


Lavatory Trim 

Lavatory trim includes a faucet that con- 
trols the cold and hot water supply and the 
lavatory drain fitting through which water 
drains from the lavatory. Faucets and drain 
fittings are available separately or as com- 
bination fittings, which include a lavatory 
faucet and a pop-up drain assembly. 


ADA-Compliant Lavatories—— 
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Lavatory faucets are classified as com- 
pression faucets or port control faucets. A 
compression faucet is a faucet in which 
the flow of water is shut off by means of 
a washer that is forced down (compressed) 
onto its seat, as with a globe valve. Most 
lavatory compression faucets are combi- 
nation faucets in which the cold and hot 
water compression valves are joined in one 
faucet body and provided with a common 
mixer spout. Combination faucets allow 
the user to mix hot and cold water to the 
desired temperature prior to the water be- 
ing delivered to the lavatory basin. 

A port control faucet, or single-handle 
faucet, is a single-handle noncompres- 
sion faucet that contains ports for the hot 
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Figure 12-19. Many stan- 
dard lavatories can be 
used as ADA-compliant 
lavatories if the proper 
clearances are allowed 
for users. 


Figure 12-20. ADA- 
compliant lavatories are 
mounted on a concealed 
carrier fitting so the flood 
level rim is positioned a 
maximum of 34” above 
finished floor level. 


Use a mild soap and 
water to clean metal sur- 
faces, such as lavatory 
trim, and wipe the entire 


| surface dry. 
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Figure 12-21. A port con- 
trol faucet contains ports 
for the hot and cold water 
supply and a cartridge or 
ceramic disc that opens 
and closes the ports 
as the faucet handle is 
moved or rotated. 
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and cold water supply and a cartridge or 
ceramic disc that opens and closes the 
ports as the faucet handle is moved or 
rotated. See Figure 12-21. The cartridge 
or disc opens or closes one or both ports 
in the faucet body to provide water at the 
desired temperature and volume. 

In a cartridge-type port control faucet, 
a cam connected to the faucet handle 
controls water flow around a rubber sleeve 
within the cartridge. When the faucet is in 
the OFF position, the cam is fully inserted 
into the rubber sleeve and securely seals 
the sleeve against the hot and cold water 
ports. When the faucet is turned ON to 
deliver both hot and cold water, the cam 


is withdrawn from the sleeve, allowing 
the sleeve to flex and water to flow. When 
the faucet is turned on to deliver only hot 
or cold water, the cam is withdrawn and 
the bevel is aligned with one of the ports 
by turning the faucet handle. The sleeve 
flexes, allowing water to flow. 


Gaa 


A port control faucet has a single handle 

that controls the flow of hot and cold 

water by using a disc or cartridge to 

open and close ports in the faucet as the 
| handle is moved. 


Port Control Faucet Operation 
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PLUMBING DESIGN AND INSTALLATION 


Ceramic disc-type port control faucets 
control water flow through the use of two 
ceramic discs that slide back and forth 
across each other in a watertight seal. 
Since the ceramic disks are very hard, they 
are unaffected by temperature extremes, 
corrosion, or hard water conditions. 

When the faucet is in the OFF position, 
the upper disk is positioned so the hot and 
cold water supply ports and the outlet port 
are covered. When the faucet is turned 
ON to deliver both hot and cold water, 
the upper disk is rotated to allow water 
to flow through the hot and cold water 
supply ports and outlet port before exiting 
the faucet spout. When the faucet is turned 
ON to deliver only hot or cold water, the 
upper disk is rotated so that only one of 
the supply ports is open, adowing only 
one water temperature to flow to the spout. 

Lavatory drain fittings are installed in 
the bottom of a lavatory bowl. A pop-up 
waste fitting is a lavatory drain fitting 
that consists of a brass waste outlet into 
which a sliding metal or plastic stopper 
is fitted. A lever passes out the side of 
the drain fitting and is connected to a 
lift rod on top of the lavatory. The rod 1s 
lifted to lower the stopper and allow the 
lavatory to fill, or depressed to raise the 


Lavatory Combination Fittings 


stopper and drain the lavatory. Lavatory 
drain fittings are also available with a 
perforated grate over the drain opening 
for use in public buildings. Lavatory 
combination fittings include centerset, 
concealed, and port control faucets. See 
Figure 12-22. 

A centerset lavatory faucet is a com- 
bination lavatory fitting that consists of 
two faucet handles, a spout, and a pop-up 
waste fitting lift rod mounted on a raised 
base. Centerset faucets are installed on 
lavatories with faucet mounting holes on 
4” centers. Water is supplied to the hot 
and cold water faucets and is mixed in the 
valve body under the raised base before 
being delivered to the spout. 

A concealed lavatory faucet, or bottom- 
mounted lavatory faucet, is a combina- 
tion lavatory fitting that consists of one 
or two faucet handles, a spout mounted 
above the lavatory or countertop, a pop- 
up waste fitting lift rod, and a faucet body 
mounted below the fixture. Concealed 
faucets are used on lavatories where the 
faucet mounting holes are drilled on 8” 
or 12” centers. 

A port control lavatory faucet is acom- 
bination lavatory fitting that consists of a 
single-handle faucet, spout, and pop-up 


Port control faucets are 

available as cartridge- 

type or ceramic disc-tvpe 
| faucets. 


Figure 42-22 
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Figure 12-22. Lavatory combination fittings include centerset, concealed, and port control faucets. 
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Overrim bathtub fittings 
are installed with the 
spout outlet above the 
flood level rim of the 
fixture to prevent a cross 


| connection. 


Figure 12-23. Electronic 
faucets are used to con- 
serve water and for hy- 
giene. 
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waste fitting lift rod mounted on a raised 
base. Hot and cold water is supplied to the 
faucet through separate supply lines and 
mixed within the faucet body before being 
delivered to the spout. 


Electronic Faucets 


Electronic faucets are installed on lava- 
tories in public restrooms to conserve 
water and for hygiene. An electronic 
faucet contains a solenoid valve that 
is activated when the user places their 
hands under the spout. Tempered (mixed 
hot and cold) water will flow from the 
faucet until the hands are removed or 
until the faucet reaches its automatic 
time-out setting. See Figure 12-23. The 
control module for an electronic faucet 
is mounted below the lavatory and may 
be either battery-powered or plugged 
into an electric receptacle provided for 
the faucet transformer. Electronic faucets 
are ADA-compliant for use on lavatories. 


BATHTUBS 


A bathtub is a plumbing fixture used 
to bathe the entire body. Bathtubs are 


Electronic Faucet Operation 


manufactured from enameled cast iron, 
enameled pressed steel, fiberglass, or 
acrylic plastics, and are available in 
a variety of sizes, shapes, and colors. 
Bathtubs are rated at 2 dfu, and require 
11%” P-trap and waste pipe and 11⁄4” vent 
pipe. Bathtubs require a minimum of 1⁄2” 
water supply pipe. 

Bathtubs are right-hand or left-hand, 
depending on the waste opening location. 
A right-hand bathtub is a bathtub with 
the drain on the right end as a person 
faces the tub. A left-hand bathtub is a 
bathtub with the drain on the left end as 
a person faces the tub. Bathtubs have a 
built-in pitch to provide proper drainage 
of the fixture yet allow the flood level rim 
to remain level. 

Bathtubs are available in a variety of 
designs including recessed, freestanding, 
and drop-in. See Figure 12-24. A recessed 
bathtub, or built-in bathtub, is a bathtub 
permanently attached or built into the 
walls and floor of the bathroom. Recessed 
baths are supported by backing attached to 
the studs on the back wall of the tub, and 
the front apron rests on the floor. 


Figure 12-23 
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Figure 12-24 
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Some recessed bathtubs are integral 
bath and shower combination assemblies. 
Integral bath and shower combination 
assemblies are common in residential 
construction since the shower walls 
eliminate the need for ceramic tile or 
other water-resistant wall coverings in 
the bathtub area. 


Water temperatures over 125°F can 
cause severe burns instantly or death 
from scalding. Children, senior citizens, 
and people with physical disabilities are 
most susceptible to scalding. The water 
heater temperature should be adjusted to 
avoid burns and scalding. 


Kohler Co. 


A freestanding bathtub is a bathtub 
supported by legs and not permanently 
attached to the bathroom walls or floor. 
A drop-in bathtub is a bathtub installed 
in an enclosure that also supports the 
fixture. Drop-in bathtubs provide greater 
water capacity than standard bathtubs. 


ADA-Compliant Bathtubs 

ADA-compliant bathtubs are equipped 
with a seat and grab bars to assist the user 
in entering and exiting the fixture. The 
faucet handles are positioned at the foot 
of the bathtub along the outside edge to 
provide easy user access to the controls. 
The showerhead is equipped with a hose 
so that it can be adjusted vertically on an 
adjustment bar or removed for hand use. 
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Figure 12-24. A bath- 
tub is a plumbing fixture 
used to bathe the entire 
body and is available in 
recessed, freestanding, 
and drop-in designs. 
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When an ADA-comphant bathtub seat 
is in the fixture. a minimum of 30” by 
60” or 48” by 60” of clear floor space is 
required, depending on the direction of 
tub access. See Figure 12-25. When the 
seat is positioned at the head of the bath- 
tub, a 30” by 75” minimum clear floor 
space is required. Grab bars are required 
for ADA-compliant bathtubs at the foot 
and head ends and side wall of a bathtub 
when the seat is in the fixture. Grab bars 
are required on the foot end and side wall 
of a bathtub when the seat is positioned 
at the head of the fixture. 


Figure 12-25. Bathtubs 
that are ADA-compliant 
require adequate clear 


ADA-Compliant Bathtub Requirements 


Whirlpool Bathtubs 

A whirlpool bathtub is a plumbing fixture 
equipped with water and air circulation 
equipment and is used to bathe and mas- 
sage the entire body. See Figure 12-26. 
An electric pump assembly enclosed be- 
low the whirlpool bathtub circulates wa- 
ter and air through hydrojets positioned 
along the sides and ends of the fixture. 
Whirlpool bathtubs are manufactured 
from enameled cast iron, fiberglass. or 
acrylic plastic, and are available in a va- 
riety of sizes, shapes, and colors. Whirl- 
pool bathtubs, like built-in bathtubs, are 
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Bathtub Faucets 
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Figure 12-27. Overrim 


Bathtub Faucets | 
bathtub fittings consist of 


mixing spout 


ay Nine 


COMPRESSION PORT CONTROL 


er 
———— nnn eninaa 
i 


eon eee 


Kohler Co 


Bathtubs typically hold 50 gal. to 80 gal. of water, which weighs approxi- 


mately 415 Ib to 670 Ib. 


Figure 12-28. Combina- 
tion waste and overflow 
fittings allow excess water 
to drain from a fixture so 
that it does not overflow 
onto the bathroom floor. 
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In many installations, a bathtub is used 
as a bathtub and shower, requiring a com- 
bination bath and shower fitting to divert 
water flow from the faucet spout to the 
showerhead. The faucet spout of a com- 
bination bath and shower fitting contains 
a diverter attached to an external knob 
which is raised to divert water flow from 
the bathtub spout to the showerhead. 


Combination Waste and Overflow Fittings — 


Bathtub Drain Fittings 


A combination waste and overflow fitting 
is a bathtub drain fitting that is an outlet 
for bathtub waste and allows excess water 
to drain from the fixture so that it does 
not overflow onto a bathroom floor. See 
Figure 12-28. Combination waste and 
overflow fittings are manufactured from 
plastic or brass tubing. 

A lift waste fitting is a combination 
waste and overflow fitting in which a lift- 
ing mechanism within the overflow tube is 
connected by a lever to the stopper in the 
waste shoe (bathtub drain outlet). When 
the control handle is turned in one direc- 
tion, the stopper raises and allows water to 
drain from the bathtub. When the control 
handle is turned in the opposite direction, 
the stopper drops into the drain and allows 
the bathtub to fill with water. All the parts 
of a lift waste fitting are accessible through 
the tub overflow and the waste outlet. 

A lift-and-turn waste fitting is acombina- 
tion waste and overflow fitting consisting of 
a stopper with a raised knob at the top 
that is raised and rotated to allow the 
fitting to remain in the drain position. 


Figure 12-28 
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The stopper is rotated and lowered down 
into the waste shoe to allow the bathtub 
to fill with water. 


SHOWERS 


A shower, or shower bath, is a plumbing 
fixture that discharges water from above 
a person who is bathing. Showers are 
rated at 2 dfu, and require 11⁄2” P-trap 
and waste pipe and 11⁄4” vent pipes. How- 
ever, most showers are supplied with a 2” 
waste outlet to allow the fixture to drain 


faster. Showers require 1⁄2” hot and cold 
water supply pipes. Showers vary in size 
and complexity from single-showerhead 
installations used in residential construc- 
tion to a series of showerheads for shower 
rooms in commercial and public buildings 
such as schools and fitness facilities 


A shower enclosure is constructed with 
one-piece or multipiece prefabricated as- 
semblies. See Figure 12-29. One-piece 
assemblies are only used in new con- 
struction since they are difficult to fit 
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Figure 12-29. Shower en- 
closures are constructed 
with one-piece or multi- 
piece prefabricated as- 
semblies. 


A 


s and Appliance 


ADA-Compliant Shower Requirements - 


through door openings and slide into 
position. One-piece fiberglass or acrylic 
assemblies provide a complete shower 
enclosure and eliminate potential leaks at 
the joints between the walls and shower 
base that may occur with multipiece as- 
semblies. Shower doors equipped with 
tempered glass are installed along the 
shower entrance to prevent water from 
splashing out of the shower. 

Multipiece assemblies consist of a 
shower base and wall panels and must 
be assembled on the job site per manu- 
facturer instructions. Proper installation 
procedures must be followed to ensure a 
leakproof enclosure. 

Ceramic tile shower baths may be con- 
structed in almost any shape and size to fit 
the available space within the bathroom. 
For a ceramic tile shower, the plumber in- 
stalls either a fiberglass or acrylic shower 
base or a waterproof membrane fastened 
to a drain body. The tile setter completes 
the construction of the shower enclosure 
over water-resistant cement wallboard. 


A shower base must be properly in- 
stalled to ensure a sound and leakproof 
enclosure. Manufacturer instructions 
vary and should be referred to prior 
to installation of a shower base. Many 
fiberglass and acrylic shower bases re- 
quire a mortar base. The drain pipe must 
be positioned before the base is applied 
to the subfloor. Mortar is spread and the 
shower base is positioned. In ceramic 
tile installations, a rubber membrane is 
applied directly below the mortar base 
to provide a leakproof surface, and tile is 
applied over the membrane to complete 
the shower base installation. The drain 
strainer is installed and secured to the 
membrane to ensure a leakproof joint. 


ADA-Compliant Showers 


ADA-compliant showers include a seat, 
grab bars, and an adjustable shower 
head attached to a hose, and provide 
for easy user access. See Figure 12-30. 
An ADA-compliant shower seat is an 
integral feature of a shower enclosure 


Figure 12-30 
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Figure 12-30. ADA-compliant showers include a seat. grab bars, and an adjustable shower head attached to a 
hose, and provide for easy user access. 
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or is separately installed 18” above the 
shower floor. Grab bars are installed 33” 
to 36” above the shower floor. Control 
faucets are located approximately 36” to 
38” above the shower floor. Large ADA- 
compliant showers provide wheelchair 
access into the stall for bathing. 


Shower Water Supply Valves 


Compression or port control faucets are 
installed in showers to control the volume 
and temperature of water flowing from the 
shower head. See Figure 12-31. Plumbing 
codes require an integral temperature- 
control device in port control valves to 
maintain a safe water temperature and 
protect against a sudden change in water 
temperature. A pressure-balancing valve 
is an integral temperature-control device 
that prevents surges of hot and cold water 
through the use of a sensitive diaphragm 
within the device. Pressure-balancing 
valves are adjusted to the desired temper- 
ature with a screw stop located behind the 
trim plate, and maintain a constant water 
temperature within +5°F. A thermostatic 
valve is an integral temperature-control 
device that regulates the flow of hot and 
cold water through the use of a thermostat 
within the device. A thermostat within the 
valve allows water up to a maximum pre- 
determined temperature to pass through 
the valve. Water temperature 1s adjusted 
using a screw located behind the shower 
trim plate. 


Shower Drains 

Shower waste is discharged into a 
strainer fitting or floor drain in the bot- 
tom of the shower. The drain fitting is 
connected to a pipe extending up from 
a 2” P-trap below the floor with a rubber 
compression gasket. 


The process of heating water releases 

gases, such as chlorine, oxygen, hydrogen 

sulfide, and carbon dioxide, which are 
| present in water. 


Shower Water 
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BIDETS 


A bidet is a plumbing fixture used to 
bathe the external genitals and posterior 
parts of the body and provide relief for 
certain health conditions. Bidets consist 
of a low-set basin supplied with hot and 
cold water and a drain equipped with a 
pop-up waste fitting. See Figure 12-32. 
Bidets are rated at 2 dfu, and they require 
114” P-trap and waste pipe and 11⁄4” vent 
pipe. Bidets require a minimum of 1⁄4” 
water supply pipe. 

A user sits astride the fixture and faces 
the hot and cold water faucet handles to 
wash the genital area. Water flow and 
temperature are controlled by faucets 
mounted on the back of the bidet: water 
enters the fixture through either a vertical 
spray in the center of the bow] or a flush 
rim that maintains bowl cleanliness. 
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Figure 12-31. Compres- 
sion and port control 
faucets with integral tem- 
perature control devices 
control the volume and 
temperature of water 
flowing from the shower 
head. 
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Figure 12-32. Bidets consist of a low-set 
basin supplied with hot and cold water 
and a drain equipped with a pop-up 
waste fitting. 


KITCHEN SINKS 


A kitchen sink is a shallow. flat-bottomed 
plumbing fixture that is used to clean 
dishes and prepare food. Kitchen sinks 
are available in a variety of shapes and 
sizes, and are manufactured from enam- 
eled cast iron, enameled pressed steel, 
stainless steel, and acrylic. Kitchen sinks 
are rated at 2 dfu, and require a 11⁄2” P- 
trap and waste pipe and 11⁄4” vent pipe. 
Kitchen sinks require a minimum of 1⁄2” 
water supply pipe. A kitchen sink has up 
to three basins. and is available in self- 
rimming and undercounter models. See 
Figure 12-33. 

A self-rimming kitchen sink is a kitchen 
sink in which the bowl is placed in an 
opening in the countertop and the edge 
of the fixture rests directly on top of the 
countertop. A bead of caulk is placed under 
the sink edge prior to installation, and it is 
secured to the countertop with rim clamps. 
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Anundercounter kitchen sink is a kitchen 
sink attached to the underside of a counter- 
top using rim clamps or other proprietary 
hardware. A bead of caulk is placed along 
the upper surface of the edge prior to in- 
stallation so water does not leak into the 
cabinet. Some acrylic undercounter sinks 
are bonded to the acrylic countertop with 
epoxy when it is fabricated. 
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Figure 12-33. Kitchen sinks are avail- 
able in self-rimming, metal-framed, and 
undercounter models. 


ADA-Compliant Kitchen Sinks 


ADA-compliant kitchen sinks feature 
a shallow bowl with the drain opening 
offset to the back, a single-handle faucet, 
and wrapped or shielded water supply and 
drainage piping. See Figure 12-34. The 
maximum distance from the finished floor 
level to the flood level rim of an ADA- 
compliant kitchen sink is 34”. The kitchen 
sink and countertop must be supported by 
the wall and adjoining cabinets. 
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Kitchen Sink Faucets 


Kitchen sink faucets are available with 
swing spouts so a single spout can sup- 
ply water to more than oné basin. See 
Figure 12-35. Compression or port control 
faucets provide water flow and tempera- 
ture control. Some spouts are connected to 
the water supply with a flexible hose and 
can be removed from their bases for use 
as a sprayer. A separate flexible hose and 
sprayer attachment are also installed with 
kitchen sinks. Water flow from the sink 
spout is diverted to the sprayer when the 
lever on the sprayer is depressed. 


Hydrogen sulfide gas may be present in 
water, resulting in a “rotten egg” odor. 
A concentration of 0.1 mg/l is detectable 


by smell. 


Kitchen Sink Drain Fittings 
Kitchen sinks require a basket strainer 
for each basin to prevent solid food 
particles from entering and clogging 
the drainage piping. A basket strainer 
is a drain fitting installed in a kitchen 
sink that consists of a strainer body fit- 
ted with a fixed strainer and a removable 
basket with a rubber stopper. A bead 
of caulk or plumber’s putty is placed 
around the drain opening of the sink 
basin. The strainer body is placed in the 
drain opening of the sink and a locknut 
and gasket below the sink secure the 
body in position. A flanged tailpiece 
connects the kitchen sink drain to the 
waste pipe. The removable basket, or 
crumb cup, is placed in the drain body 
and the knob is rotated until the stopper 
properly seats in the strainer body to 
retain water. 


Figure 12-35 
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Figure 12-34. ADA- 
compliant kitchen sinks 
feature a shallow bowl with 
the drain opening offset to 
the back, a single-handle 
faucet, and wrapped or 
Shielded water supply and 
drainage piping. 


Figure 12-35. Kitchen sink 
faucets have swing spouts 
so a single spout can sup- 
ply water to more than one 
basin. 
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Figure 12-36. Continu- 
ous waste fittings consist 
of a section of horizontal 
drainage pipe and sani- 
tary tee, and are used 
to convey waste from a 
kitchen sink drain to a 
common P-trap. 
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Continuous waste fittings are used when 
multibasin kitchen sinks are installed. 
See Figure 12-36. A continuous waste 


fitting is a drainage fitting that consists of 


a section of horizontal drainage pipe and 
sanitary tee and is used to convey waste 
from a kitchen sink drain to a common 
P-trap. Waste from the P-trap is conveyed 
to the drainage piping. 


FOOD WASTE DISPOSERS 


A food waste disposer, or garbage 
disposal, is an electric appliance sup- 
plied with water from a kitchen sink 
faucet that grinds food waste into pulp 
and discharges the pulp into a drainage 
system. Domestic food waste disposers 
are rated at 2 dfu; however, the drain- 
age fixture unit value is not added to the 


Continuous Waste Fittings - 


=E 


drainage fixture unit load of the kitchen 
sink drainage piping, since the disposer 
waste is conveyed through the kitchen 
sink drain. 

A domestic food waste disposer is 
mounted below a kitchen sink basin and 
replaces the basket strainer assembly. See 
Figure 12-37. Plumbers putty is placed 
around the drain opening of the sink basin. 
A sink flange is placed in the opening and is 
secured in place with a gasket and backer 
ring on the bottom of the sink. A mount- 
ing ring is then installed at the bottom of 
the flange and mounting screws are in- 
serted and tightened in the mounting ring 
to provide a sound mounting surface for 
the food waste disposer. The food waste 
disposer is secured to the mounting ring 
and the electrical and waste connections 
are then made. 


Figure 12-36 
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Figure 12-37. A food waste 
disposer grinds food waste 
into pulp and discharges 
the pulp into the drainage 
system. 
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WASTE OUTLET 


A food waste disposer installed in a 
multibasin kitchen sink discharges its 
waste into a continuous waste fitting. 
See Figure 12-38. A baffle tee joining 
the food waste disposer waste pipe and 
waste pipe for the other basin contains 
an internal baffle to divert the disposer 
waste downward and prevent it from 
backing up into the connected basin. 


DOMESTIC 
DISHWASHERS 


A dishwasher is an electric plumb- 
ing appliance used to wash dishes. A 
domestic dishwasher is rated at 2 dfu. 
Domestic dishwasher waste is pumped 
out of the appliance into the kitchen 
sink waste pipe or food waste disposer 
tailpiece. The waste outlet of a domestic 
dishwasher with pumped-out waste is 
connected to a dishwasher drain con- 
nection on the food waste disposer or 
to a dishwasher tailpiece below the 


basket strainer using a rubber hose. A 
high loop must be installed in the rubber 
hose between the dishwasher and drain 
connection to allow the dishwasher to 
drain properly and to prevent backflow 
of waste from the kitchen sink and/or 
food waste disposer into the dishwasher. 
See Figure 12-39, 


The mounting ring of a food waste disposer is installed at the bottom of the 
kitchen sink flange, and the mounting screws are tightened to provide a sound 
mounting surface for the disposer. 
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Figure 12-38. Food 
waste disposers installed 
in a multibasin kitchen 
sink discharge waste into 
a continuous waste fitting. 
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Some plumbing codes require installing 
an air gap fitting in discharge piping from 
domestic dishwashers to prevent backflow 
of waste from a kitchen sink into the appli- 
ance. A dishwasher air gap fitting is usually 
installed in one of the holes provided on the 
back ledge of the kitchen sink. The dish- 
washer discharge hose extends from the ap- 
pliance to the air gap fitting and then to the 
kitchen sink drain or food waste disposer. 


Sioux Chief Manufacturing Company. Inc 
The rubber hose attached to a dishwasher tailpiece conveys waste from a 
dishwasher to the kitchen sink drain. 
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LAUNDRY TRAYS 


A laundry tray, or laundry tub, is a plumb- 
ing fixture used for prewashing clothes 
and that is commonly installed in a resi- 
dential laundry room. Laundry trays are 
supplied with hot and cold water and a 
drain connection. A laundry tray may also 
receive waste from the clothes washer and 
store the water from the appliance if it is 
equipped with a water-reuse cycle. Laun- 
dry trays are rated at 2 dfu, and require a 
132” P-trap and waste pipe, 11⁄4” vent pipe, 
and 1⁄2” hot and cold water supply piping. 
Laundry trays are manufactured from fi- 
berglass or plastic and are available in single- 
compartment or double-compartment 
models. See Figure 12-40. Laundry trays 
are wall-hung or floor-set. Wall-hung laun- 
dry trays are installed on mounting brackets 
supplied with the fixture, while floor-set 
models rest on plastic or steel legs. 


a Ae ABLE NAA AH 
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Domestic dishwashers are rated at 2 dfu 
and the waste is pumped out of the appli- 
ance and into the kitchen sink waste pipe 
or food waste disposer tailpiece. 
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Figure 12-39. The waste 
outlet of a domestic dish- 
washer with pumped-out 
waste is connected to a 
dishwasher drain connec- 
tion on the food waste dis- 
poser or to a dishwasher 
tailpiece below the basket 
Strainer using a rubber 
hose. 
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Laundry trays are rated 

at 2 dfu and require a 

114° P-trap and waste 

pipe, 114” vent pipe, and 
| 1⁄2” water supply pipe. 
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Figure 12-40. Wall-hung and floor-set 
laundry trays are manufactured from 
fiberglass or plastic and are available in 


single-compartment or double-compart- 
ment models. 


Laundry Tray Faucets 


Laundry tray faucets are two-handle 
compression faucets with swing spouts 
that are mounted on the back ledge of the 
fixture. Laundry tray faucets are supplied 
with water from above when the fixture 
is installed in the basement or lower level 
of a structure, or from below the laundry 
tray when the fixture is installed on upper 
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levels. See Figure 12-41. Different styles 
of laundry tray faucets are used for each 
application. 


Laundry Tray Drain Fittings 


Laundry tray wastewater flows through 
a strainer fitting which uses a rubber 
stopper to retain water in the fixture. 
Strainer fittings are used in each laundry 
tray compartment to prevent lint and 
other debris from clogging the drainage 
piping. A cast iron or plastic laundry tray 
drainage fitting is installed for a double- 
compartment laundry tray to join the 
waste lines of both compartments before 
it is connected to a 11⁄2” P-trap. 


CLOTHES WASHER 
OUTLET BOXES 


Clothes washer outlet boxes are installed 
in residences in which the clothes washer 
is located on an upper level. A clothes 
washer outlet box is a plastic enclosure 
that accommodates water supply and waste 
connections for a clothes washer. See Fig- 
ure 12-42. Outlet boxes are provided with 
or without valves preinstalled in the fixture. 
Knockouts are provided for the drainage 
piping and also for the valves if they are 
not preinstalled in the outlet box. 

Outlet boxes are installed by attach- 
ing the mounting brackets to studs when 
roughing in the plumbing for other fix- 
tures. The outlet box is positioned with 
the faceplate flush with the finished wall 
surface. Although washing machine out- 
let boxes are rated at 2 dfu, they require 
a 2” P-trap and waste pipe in order to ac- 
commodate the volume of water pumped 
from a clothes washer. The box requires a 
minimum of a 11⁄4” vent and 2” hot and 
cold water supply piping. 


NB 
en 
Clothes washer outlet boxes can be found 
in residences with a clothes washer on an 
upper level. The outlet box is installed 
with the faceplate flush with the finished 


3 wall surface. 


Laundry Tray Fittings - 


SWING 


SPOUT eer ey ABOVE 


\ 
I 


ATTACHED TO 
LAUNDRY TRAY 
LEDGES 


LAUNDRY TRAY / 


Figure 1 2-41 


and drain. 


WATER DELIVERED SWING 
SPOUT ~ 


MOUNTS ON / ra 


A 
WATER DELIVERED 
FROM BELOW 


LEDGES 


FAUCETS 


~ WASTE INLETS 


7 
CAST IRON - 


OUTLET —’ 


PEASHIC = 


DRAINS 


Clothes Washer 
Outlet Boxes 


MOUNTING BRACKETS 
ATTACHED TO STUDS 


er ERE T 


y i 


HOT WATER / COLD WATER 
SUPPLY / SUEELY, 
FLANGE ~ 


2” DRAIN 


Figure 12-42 


Figure 12-42. Clothes SS outlet 
boxes accommodate water supply and 
waste connections for a clothes washer. 


FLOOR DRAINS 


A floor drain is a cast iron or plastic 
plumbing fixture set flush with a finished 
floor and used to receive water drained 
from the floor and convey it to a drainage 


system. In addition, floor drains are used 
in locations where there is a possibility 
of overflow, leakage, and/or spillage of 
liquid waste onto the floor, such as resi- 
dential laundry and utility rooms, public 
restrooms, custodial closets, shower 
room entrances and exits, building en- 
tryways, and garages. 

The dfu rating of a floor drain depends 
on the outlet size of the drain. A 2” floor 
drain is rated at 2 dfu, a 3” floor drain is 
rated at 3 dfu, and a 4” floor drain is rated 
at 4 dfu. The dfu rating of a floor drain is 
added to the sanitary drainage piping dfu 
rating into which the floor drain discharges 
its waste; the dfu rating is not added to the 
vent piping. Some plumbing codes do not 
require individual vents for floor drains 
if they are installed within 25’ of a vented 
drainage pipe. Plumbing codes require that 
floor drains used as part of a fixture, such 
as a shower drain, or for any receptor with 
a built-up threshold and a water supply, be 
equipped with a common seal P-trap that 
is vented according to the Trap-to-Vent 
Distance table. 
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Figure 12-41. Laundry 
tray trim includes a faucet 
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Figure 12-43. Cast iron 
or plastic floor drains are 
set flush with the finished 
floor and receive water 
drained from the floor. 
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Floor Drain Types 


A variety of floor drains are available, 
including floor drains with and without 
integral P-traps and dry pan floor drains. 
See Figure 12-43. Floor drains with in- 
tegral P-traps are installed below ground 
level in buildings. Floor drains without 
integral traps are typically installed in 
upper floor levels and require separate P- 
traps. A dry pan floor drain is installed in 
areas of buildings subject to freezing, such 
as entryways and garages. Water collected 
by dry pan floor drains is piped to a trap 
located in a heated area of the building. 


Floor Drain Minimum 
Requirements 


Plumbing codes have minimum re- 
quirements for floor drains to ensure 
adequate drainage capacity and to pre- 
vent backflow. See Figure 12-44. The 
requirements for floor drains include the 
following: 

e 2” minimum outlet size 


e removable grate or strainer 


Floor Drains —— 


e combined free area of the holes in a 
grate or strainer equal to or greater 
than drain outlet size 


e deep-seal P-trap with 3” minimum 
trap seal 


e basement floor drains equipped with 
a backwater valve 


Floor Sinks 
A floor sink is a floor drain installed in 
commercial kitchens and food markets 
to indirectly receive waste from food 
preparation and storage equipment and 
fixtures. See Figure 12-45. Floor sinks 
are indirect waste receptors and receive 
waste from equipment and fixtures that 
are not directly connected to the drain- 
age system. An indirect waste receptor 
is installed so that if the drainage piping 
becomes clogged, waste backs up onto 
the floor rather than into food prepara- 
tion and storage equipment and fixtures. 
Floor sinks are manufactured from 
enameled cast iron and stainless steel, 
and are available with 2”, 3”, and 4” 


Figure 12-43 
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outlet sizes. A dome strainer is usually 
installed over the waste outlet of a floor 
sink to catch large food scraps, and a re- 
movable grate covers the fixture at floor 
level. Various grate sizes and shapes ac- 
commodate drain outlets from different 
equipment piped to the floor sink. 
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Figure 12-44. Basement or below-grade 
floor drains must be equipped with back- 
water valves. 
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Figure 12-45. Floor sinks are installed in 
commercial kitchens and food markets to 
receive waste from food preparation and 
storage fixtures and equipment. 


Floor sink dfu ratings vary with the 
drain outlet size. A 2” floor sink is rated 
at 2 dfu, a 3” floor sink is rated at 3 dfu, 
and a 4” floor sink is rated at 4 dfu. Floor 
sinks must be properly vented; under- 
ground floor sinks require a minimum 
2” vent. 


DRINKING FOUNTAINS 
AND WATER COOLERS 


A drinking fountain is a wall-hung 
plumbing fixture that delivers a stream 
of drinking water through a nozzle at 
an upward angle to permit the user of 
the fixture to conveniently drink from 
the fountain. See Figure 12-46. Drink- 
ing fountains are manufactured from 
vitreous china, enameled cast iron, and 
stainless steel. 

A water cooler is a wall-hung plumb- 
ing appliance that incorporates an elec- 
tric cooling unit into a drinking fountain 
to provide cooled drinking water at a 
desired temperature. The cooling unit 
reduces the temperature of the drinking 
water to a desired temperature before 
delivering it to the nozzle. The ideal 
temperature for drinking water is 50°F. 

Drinking fountains and water coolers 
are rated at 1 dfu, and require a 11⁄4” P- 
trap, waste pipe, and vent pipe. Drinking 
fountains and water coolers require a 
minimum of 1⁄2” water supply pipe. 

The installation height of drinking 
fountains and water coolers varies 
depending on where the fixtures are 
installed. Standard drinking fountain 
and water cooler heights range from 
36” to 44” from the finished floor level 
to the nozzle. The nozzles of drinking 
fountains and water coolers installed 
in elementary schools are 30” above 
finished floor level. ADA-compliant 
drinking fountains and water coolers are 
installed with the nozzles a maximum of 
36” above finished floor level. Bilevel 
drinking fountains and water coolers 
are available to accommodate varying 
user heights. Bilevel drinking fountains 
may share a common cooling unit, water 
supply, and drain. 
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Drinking Fountains and Water Coolers sn 


Figuro 12-46 
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Figure 12-46. Drinking fountains and water coolers deliver a stream of drinking water through a nozzle at an 
upward angie to allow a user to conveniently drink from the fixture. 
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Drinking Fountain and Water 
Cooler Sanitary Features 
Drinking fountains and water coolers are 
installed in public areas such as hallways 
and gymnasiums. Plumbing codes require 
drinking fountains and water coolers to be 
manufactured with the following: 


¢ a bowl constructed of a nonabsorbent 
material 


e a mouth protector provided over the 
nozzle 


e drinking water delivered at an angle so 
water cannot fall back onto the nozzle 


e a nozzle located above the flood level 
rim 


e water supply separate from the waste 
pipe 

Plumbing codes prohibit the instal- 
lation of drinking fountains and water 
coolers in restrooms for sanitary reasons. 

Drinking fountain and water cooler wa- 
ter supply fittings consist of a self-closing 
compression stop valve and a stream- 
regulating valve attached to the fountain 
nozzle. A self-closing compression stop valve 
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reduces the amount of wasted drinking wa- 
ter. A strainer fitting is installed at the drain 
opening, connected to a 11⁄4” P-trap. 


ADA-Compliant 

Drinking Fountains 
ADA-compliant drinking fountains or 
water coolers are installed with the nozzle 
a maximum of 36” from the finished floor 
level. In addition, there must be a mini- 
mum of 27” of knee clearance and 9” of 
toe clearance at the base of the fixtures to 
accommodate users in wheelchairs. See 
Figure 12-47. The amount of clear floor 
space required varies with the installation. 
Drinking fountains or water coolers re- 
cessed in an alcove require a minimum of 
30” to 48” of clear floor space. Built-in or 
freestanding drinking fountains and water 
coolers require a minimum of 48” by 30” of 
clear floor space in front of the fountain. 
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A floor drain is installed at the base of 


a water heater to receive water from a 


E relief valve. 
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CLEAR FLOOR SPACE REQUIREMENTS 


SERVICE SINKS AND 
MOP BASINS 


Service sinks and mop basins are in- 
stalled in custodian closets and building 
maintenance areas for use by custodial 
and maintenance personnel. A service 
sink, or slop sink, is a high-back sink 
with a deep basin used for filling and 
emptying scrub pails, rinsing mops, and 
disposing of cleaning water. Service 


sinks are manufactured of enameled cast 
iron and are supplied with a common 
seal P-trap. See Figure 12-48. A mop 
basin, or mop receptor, is a floor-set basin 
used for cleaning and other maintenance 
tasks. Mop basins are manufactured of 
fiberglass or enameled cast iron and are 
available in a variety of sizes. Service 
sinks and mop basins are rated at 3 dfu. 
They require a 2” P-trap and waste pipe 
and 11⁄2” vent pipe. 
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Figure 12-47. Drink- 
ing fountains and water 
coolers that are ADA- 
compliant are installed 
with their nozzles a max- 
imum of 36” from the 
finished floor level and 
require a minimum knee 
clearance of 27” and toe 
clearance of 9” at the 
base of the fixtures. 
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Figure 12-48. Service 
sinks and mop basins 
are installed in custodian 
closets and building main- 
tenance areas for use 
by custodial and mainte- 
nance personnel. 
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Service Sink and Mop Basin 
Water Supply Fittings 

A compression faucet with hose threads 
and a pail hook is usually installed for 
service sinks and mop basins. Service 
sink and mop basin faucets are equipped 
with a wall brace to support the weight 
of a bucket of water. Since the faucet is 
equipped with hose threads cast onto 
the spout, the fixture requires an integral 
vacuum breaker or a hose thread vacuum 
breaker. Service sinks and mop basins are 
provided with either 4%” or 3⁄4” hot and 
cold water supply pipes. 


Service Sink and Mop Basin 
Drain Fittings 

Service sinks are provided with a strainer 
fitting for the waste outlet and an exposed 
P-trap. While not required by plumbing 
codes, most P-traps have an integral 
cleanout to clear stoppages in the drain- 
age piping. Mop basins are provided 
with a Strainer fitting that is connected 
to a P-trap installed below the floor level. 
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WATER SOFTENERS 
Untreated potable water contains vary- 
ing amounts of natural minerals such as 
calcium, magnesium, and sodium. These 
minerals dissolve in water as it passes 
through underground limestone deposits. 
Small amounts of calcium and magne- 
sium are acceptable for potable water, 
but larger amounts can result in mineral 
deposits on skin, clothing, piping, and 
other surfaces that come into contact 
with the water. Hard water is potable 
water that contains excessive amounts 
of calcium and magnesium. 

Water hardness is measured in either 
grains per gallon (gpg) or parts per mil- 
lion (ppm). One grain is equal to 0.002 oz 
of calcium or magnesium per U.S. gallon 
of water. Most water supplies contain 
from 3 gpg to 50 gpg. See Figure 12-49, 
(By comparison, a common aspirin tablet 
contains 5 grains of aspirin. Therefore, 
water 5 grains hard would contain one 
aspirin tablet of hardness minerals per 
U.S. gallon of water.) 


One part per million equals 1 lb of cal- 
cium or magnesium per | million pounds 
of water. One grain per U.S. gallon equals 
17.1 parts per million. 

Hard water can negatively affect the per- 
formance of plumbing appliances. Some 
effects of hard water include the following: 
e Calcium and magnesium curdle soaps 

and some detergents, reducing the 
amount of lathering. 


e Curdled soap clogs clothing fabric, dull- 
ing colored fabrics and graying white 
fabrics. 


e Curdled soap sticks to skin after bathing 
and leaves a dull film on hair. 


e Dishes, glasses, and silverware are 
water-spotted and eventually may be- 
come etched by the minerais. 


e Ascum or ring is left in bathtubs, lava- 
tories, and sinks. 


e When hard water is heated, calcium 
tends to precipitate out (or drop out) of 
the water. This calcium deposit builds 
up a scale in the flush rims of water 
closets and urinals as well as in hot wa- 
ter pipes, water heaters, pots and pans, 
cotfee makers, boilers, and radiators, 
reducing their efficiency. 


Water Softening Process 

A water softener is a plumbing appliance 
that removes dissolved minerals, such as 
calcium and magnesium, from water by an 
ion-exchange process. When minerals are 
dissolved in water, they break down into 
two or more components known as ions. An 
ion is an individual atom or group of atoms 
that carries an electrical charge. In any 
stable liquid, such as water, the number of 
positively charged ions is equal to the num- 
ber of negatively charged ions. Dissolved 
calcium and magnesium are positively 
charged ions and result in an imbalance 
in the number of negatively and positively 
charged ions in the solution. Therefore, 
positively charged “hard” calcium and 
magnesium ions must be exchanged for 
negatively charged “soft” sodium ions. 
Sodium ions are usually found in the form 
of dissolved sodium chloride, or brine. 


Water Hardness Scale 
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Figure 12-49. Water hardness is measured in either grains per gallon 
(gpg) or parts per million (ppm). 


Zeolite is a synthetic resin bead used 
as the ion-exchange medium in the ion- 
exchange process. Zeolites remove mineral 
ions from solution and replace them with 
sodium (salt) ions through an interaction 
that occurs on the surface of the granular 
zeolite particles in the water softener. See 
Figure 12-50. The operation of the ion- 
exchange process is as follows: 


1. Zeolite, which is precharged with 
sodium ions, is contained within the 
water softener tank. 


2. During operation, untreated water 
flows into the softener and the zeolite 
removes calcium and magnesium ions 
from the water and replaces them with 
sodium ions. Treated “softened” water 
exits the water softener outlet. 


3. The zeolite surface becomes saturated 
with mineral ions and is depleted of 
sodium ions, gradually slowing the 
ion-exchange process. 


4. The zeolite is regenerated by stripping 
the calcium and magnesium ions from 
the zeolite and recharging the zeolite 
by running a brine (concentrated so- 
dium chloride) solution through the 
water softener. 


The brine solution removes calcium and 
magnesium tons from the zeolite surface 
and forces sodium ions onto the same sur- 
face. The calcium and magnesium mineral 
waste and excess salt solution are flushed 
down the drain. The frequency with which 
a softener must be regenerated depends on 
two factors—hardness of incoming water 
and amount of water used. 
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Figure 12-50. Water softeners use an ion-exchange process to remove calcium and magnesium ions from water. 


Automatic Water Softeners 

Automatic water softeners are installed 
for residential applications since the 
only maintenance required by a home- 
owner 1s the addition of salt to the brine 
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tank. An automatic water softener is 
equipped with a programmable demand 
timer control to automate the service 
(softening) and regeneration cycles of 
the appliance. 


Two types of residential automatic water 
softeners are cabinet and two-tank soften- 
ers. See Figure 12-51. A cabinet automatic 
water softener is a water softener that has a 
mineral tank within a brine tank. It is used 
more often than a two-tank model because 
it consumes less floor space. A fwo-tank 
automatic water softener is a water soft- 
ener that has separate mineral (zeolite) and 
brine tanks. 

Both types of water softener operate 
similarly. A mineral tank stores the zeolite, 
which exchanges sodium tons for calcium 
and magnesium ions in the water. The brine 
tank stores the sodium (salt) that is dis- 
solved in water to make the brine solution 
in the brine well. The brine well is a vessel 
that contains a brine valve assembly used 
to draw the brine solution into-the mineral 
tank to regenerate the zeolite. A multiple- 
port valve assembly diverts the water and 
brine solutions in and out of the mineral 
tank in proper sequence for operation and 
regeneration cycles. A programmable de- 
mand timer control automates the operation 
of the multiple-port valve assembly. The 
demand timer control measures the amount 
of water used and regenerates the water 
softener when the softening capacity of the 
zeolite has been reached. 


=o EZ rasane or e 


DEMAND TIMER CONTROL 


Automatic Water Softeners — 


Kohler Co. 


Soft water is provided to all fixtures except sillcocks and kitchen sink cold 


water faucets. 


Automatic Water Softener Installa- 
tion. An automatic water softener is 
piped into a residential water supply and 
provides soft water to all the plumbing 
fixtures and appliances except sillcocks 
and kitchen sink cold water faucets. Soft 
water is not supplied to the kitchen sink 
since the sodium content of soft water 
may adversely affect individuals with 
certain health conditions. 


Figure 12-51 
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Figure 12-51. Automatic 
water softeners are avail- 
able in cabinet and two- 
tank models. 


CAN 


A bypass valve is provided on water 
softener piping so maintenance can be 
performed on the water softener with- 
out interrupting the water supply to the 
remainder of the residence. The bypass 
valve can be obtained when the water 
softener is purchased, or a bypass valve 
can be constructed with three ball valves, 
two tees, and two short lengths of pipe. 
See Figure 12-52. 

Valve drain and overflow drain hoses 
must be provided for automatic water 
softeners. A valve drain hose extends 
from the water softener to a floor drain and 
conveys the discharge during regeneration 
from the appliance to the floor drain. An 
overflow drain hose extends from the 
brine tank to a floor drain and conveys 
overflow from the water softener. 

When installing an automatic water 
softener, the time of day and the water 
hardness number are programmed 
into the demand timer control. The 
water hardness number is obtained 


Bypass Valves — 


from the municipal water department 
or by analysis of a water sample from 
the residence. The regeneration cycle 
typically occurs between midnight and 
5:00 AM, when water demand is low. 


Electronic Water Conditioners 


In addition to conventional water soft- 
eners. electronic water conditioners are 
available. An electronic water condi- 
tioner is a device that uses a magnetic 
or electrostatic field to alter the reaction 
between scale-forming ions in hard 
water. Hard water contains high levels 
of chemicals such as calcium and mag- 
nesium. When subjected to heat, these 
chemicals form insoluble compounds 
that have a lower heat transfer capabil- 
ity than heat transfer surfaces, such as 
metal, and are considered insulators. 
Thus, additional fuel consumption 1s re- 
quired to transfer an equivalent amount 
of energy through a system containing 
hard water. 


Figure 12-52 
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Figure 12-52 A bypass valve is installed on water softener piping so maintenance can be performed on the 
water softener without interrupting the water supply for the remainder of the building. 
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Electronic water conditioners oper- 
ate through the use of insulated cop- 
per wires (antennas) that are wrapped 
around a water pipe. The antennas 
generate waveforms that dissolve 
scale particles. Often, electronic water 
conditioners can be installed without 
making changes to the plumbing sys- 
tem. See Figure 12-53. 


WATER FILTERS 


In addition to calcium and magnesium, 
varying amounts of other undesirable 
elements are also contained in the water 
supply. A water filter is a plumbing ap- 
pliance that removes sand, sediment, 
chlorine, lead. and other undesirable 
elements from water and protects water 
heaters and other fixtures and‘appliances 
from collecting residue. A common type 
of water filter is an in-line filter. See 
Figure 12-54. 


Electronic Water Softeners/Conditioners -= 


Water filters are installed at the water 
service or at the point of water use. House- 
hold water filters installed at the water 
service remove sand, sediment, and other 
undesirable debris before the water enters 
the water softener or water heater. Differ- 
ent filter elements are available, depend- 
ing on the undesirable elements being 
removed from the water. Some water 
filter elements remove sediment or rust. 
while other elements reduce the chlorine 
levels present in the water supply. 

Filter elements for in-line household 
water filters must be replaced every 2 mo 
to 6 mo, depending on the levels of un- 
desirable elements in the water. Whole- 
house filters do not have replaceable 
filters. Instead, they rely on filtering me- 
diums such as carbon, sand, and gravel. 
See Figure 12-55. These filtering medi- 
ums are cleaned using a timer-activated 
backwash cycle. 


A water filter removes 
sand, sediment, chlorine, 
lead, and other unde- 


sirable elements from 


| water. 


Figure 12-53 
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Figure 12-53. Electronic water conditioners operate through the use of antennas that are wrapped around a 
water pipe and generate waveforms that dissolve scale particles. 
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Figure 12-54 
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Figure 12-54. An in-line water filter is a plumbing appliance that removes sand. sediment. chlorine, lead. and other un- 
desirable elements from water. It also prevents water heaters and other fixtures and appliances from collecting residue. 


Whole-House Filtration Systems === Figure 12-55 
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Figure 12-55. Whole-house filter systems do not have replaceable 
filters. They rely on filtering mediums such as carbon, sand, and gravel. 
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Point-of-Use Water Filters 


A point-of-use water filter is a filter that uses 
carbon filters or the reverse osmosis process 
at a single fixture to eliminate the undesir- 
able elements that produce water odors 
or poor-tasting water. See Figure 12-56. 
The carbon filtration process removes 
lead, chlorine, volatile organic compounds 
(VOCs), and sediment from drinking and 
cooking water, depending on the water filter 
element installed in the water filter. 

A carbon filter is installed in the water 
line servicing a refrigerator with an inte- 
gral icemaker and water dispenser, under 
a kitchen sink, or in a drinking fountain. 
Some carbon filter elements are designed to 
remove lead and rust. Other filter elements 
remove chemicals, such as herbicides and 
pesticides, that may be present in water due 
to farm runoff. 


Reverse Osmosis Systems 

A reverse osmosis (RO) system is a water 
treatment system that uses a semipermeable 
membrane to filter water. See Figure 12-57. 
An RO system removes up to 99% of the 
undesirable elements in a water supply 


including lead, mercury, copper, pesticides, RO systems have up to five stages of 
herbicides, nitrates, tannins, bacteria, and filtration. See Figure 12-58. Typically in 
pathogens. RO systems are commonly in- the first stage, a course prefilter removes 
stalled under the kitchen sink cabinet and sand. rust. and sediment from the incom- 
provide filtered water to an auxiliary faucet ing water. In the second stage, a carbon 
mounted on the kitchen sink. block prefilter reduces the amount of 
chlorine that produces an objectionable 
water taste and odor. In the third stage, 
a carbon block prefilter further reduces 


3 r chlorine and other contaminants. In the 

Í fourth stage, the RO membrane reduces 
i T a a OUT 

r4 


Point-of-Use Water Filters = 


unwanted microscopic impurities from 

the incoming water. In the fifth stage, a 

granular-activated carbon (GAC) postfil- 

ae ter located between the storage tank and 

the faucet further enhances the taste of 

the water. A four-stage RO system does 

P not include a postfilter. A three-stage 

F system does not include a postfilter or 
second carbon prefilter. 

The filters in an RO system must be 
replaced according to manufacturer 
recommendations. Typically, the carbon 

= SANEA prefilters should be replaced every 6 mo. 
The RO membrane should be replaced 
every 2 yr to 5 yr, depending on the in- 
coming water condition and the amount 
of water processed through the RO sys- 
tem. The carbon postfilter, if used, should 
~ \CHARCOAL FILTER be replaced every 6 mo to 12 mo. An RO 
recalls system should be sanitized once every 


Figure 12-56 & ee ar 

“ / 12 mo. The sanitization process varies 
Figure’ 12°56. Point-ofuse water filters by the manufacturer and system. The 
use carbon filters or the reverse osmo- j ý 
sis process to eliminate undesirable installation and operation manual should 
elements that produce water odors or be consulted for specific maintenance 


poor-tasting water. information. 
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Figure 12-58. RO sys- 
tems are commonly in- 
stalled under kitchen sinks 
and filter water to the aux- 
iliary faucet mounted on 
the kitchen sink. 
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Figure 12-58 
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iron Filters 


A water softener removes small amounts 
of iron from the incoming water supply, 
but water with high concentrations of 
iron requires a separate filter system 
such as an iron filter. An iron filter is 
similar in design to a water softener, 
but it is specifically designed to remove 
iron from the incoming water supply. 
The iron filter uses a special medium 
to filter iron trom water without any 
pretreatment and requires backwashing 
to recharge the filter system. 


WATER HEATERS 


A water heater is a plumbing appliance 
that incorporates limiting controls for 
heating water up to 210°F. For most 
residential applications, a gas or electric 
water heater is installed near the water 
supply inlet and supplies hot water 
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to plumbing fixtures throughout the 
residence. Some water heaters use an 
insulated storage tank to hold the heated 
water. while other water heaters do not 
use a tank. 

A hot water system is a closed system 
that is subjected to extreme pressure and 
temperature. Water heater components 
such as the jacket, storage tank, and top 
cover are manufactured from strong and 
durable materials to resist the pressure 
and temperature produced by a water 
heater. 


Gas Water Heaters 


A gas water heater is a water heater that 
utilizes heat produced by the combus- 
tion of natural or liquefied petroleum 
gas (LPG) to heat cold water contained 
within a storage tank. See Figure 12-59. 
Cold water entering a gas water heater is 
heated as it moves through the storage 


tank. A painted steel jacket and top cover 
enclose a storage tank and the insulation 
that prevents heat loss from the water 
in the storage tank. A glass lining in 
the storage tank protects the steel tank 
from the corrosive effects of hot water. 


Gas Water Heaters 
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Figure 12-59. Gas water heaters utilize 
heat produced by the combustion of 


natural gas or LPG to heat cold water 
contained within a storage tank. 


Natural gas or LPG is ignited in the 
main burner at the bottom of the storage 
tank, and the heated gases flow through 
the flue inside the tank to heat the water. 
The flue is fitted with a baffle to retard 
the flow of not gases to provide maxi- 
mum heat transfer. The gases exit the 
water heater through a draft hood and 
are vented to the outside of the building. 


The top of a gas water heater storage 
tank has three openings. The cold water 
inlet is connected to the cold water supply 
pipe. The inlet is attached to a dip tube 
inside the storage tank. The hot water 
outlet is connected to the supply pipe 
that conveys hot water to fixtures in the 
building. A magnesium anode rod is incor- 
porated into the hot water outlet fitting of 
some water heaters to prevent electrolytic 
deterioration of the water heater. A relief 
valve opening 1s provided at the top of the 
storage tank for the installation of a T&P 
relief valve. A temperature and pressure 
(T&P) relief valve is an automatic self- 
closing safety valve installed in the open- 
ing in a water heater that protects against 
the development of high temperature and/ 
or high pressure within the storage tank. 

The side of the storage tank has two 
openings, one of which accommodates the 
water heater control and the other is for the 
tank drain valve. The drain valve opening 
is located as close to the tank bottom as 
possible to provide an outlet for water and 
sediment when draining the water heater. 

A dip tube extends from the cold water 
inlet at the top of the storage tank toward 
the bottom of the tank. The dip tube con- 
veys incoming cold water through the 
stored hot water and discharges the cold 
water at the bottom of the storage tank. 
Cold water is not allowed to mix with the 
heated water and is delivered to the tank 
bottom where it is heated by the main 
burner. A dip tube has a small antisiphon 
orifice near the top end of the tube to 
prevent hot water in the tank from being 
siphoned out during an interruption in the 
cold water supply. 

A thermostatic control consists of a 
sensing element immersed in the water 
in the storage tank and a temperature 
control dial used to set the water heater 
to the desired temperature. When hot 
water is drawn from the storage tank, cold 
water replaces it in the storage tank. The 
element senses the temperature decrease 
and allows gas to flow to the main burner 
to heat the water. The thermostatic control 
shuts off gas flow when the water reaches 
the desired temperature. 


Chapter 12—Plumbing Fixtures and Appliances 


~Y 


> 
3, 


380) 


The main burner is the primary combus- 
tion device of a gas water heater; it burns 
natural gas or LPG to generate the heat 
needed to operate the water heater. A safety 
pilot ignites the gas at the main burner when 
the thermostat turns on the gas supply. If the 
safety pilot is extinguished or if the safety 
pilot flame becomes too small to ignite the 
bumer. the gas supply to the water heater is 
automatically shut off by the thermocouple. 
A thermocouple is a small electric genera- 
tor made of two different metals that are 
firmly joined and that is used as a safety de- 
vice for gas-powered appliances. A safety 
pilot generates a smal] amount of electricity 
as the flame heats the thermocouple and 
holds open the safety shutoff gas valve. If 
the pilot ame becomes too small or if it is 
extinguished, the thermocouple then does 
not produce enough electricity. and a spring 
closes the gas valve. 


Electric Water Heaters 
An electric water heater is a water heater 
that utilizes heat produced by the flow 
of electricity through resistance wire 
contained in the heating elements to heat 
cold water contained within the storage 
tank. See Figure 12-60. Cold water en- 
tering an electric water heater is heated 
as it moves through the storage tank and 
exits the water heater as hot water. A 
painted steel jacket and top cover enclose 
a storage tank surrounded by insulation; 
the insulation prevents heat loss from the 
water in the storage tank. A glass lining 
in the storage tank protects the steel tank 
from the corrosive effects of hot water. 
The top of a storage tank has three 
openings—cold water inlet, hot water 
outlet, and relief valve opening. The cold 
water inlet is attached to a dip tube inside 
the storage tank. The hot water outlet is 
connected to the supply pipe that conveys 
hot water to fixtures in the building. A 
magnesium anode rod is incorporated 
into the hot water outlet fitting of some 
water heaters to prevent electrolytic de- 
terioration of the water heater. A relief 
valve opening is provided at the top of 
the storage tank for the installation of a 
T&P relief valve. 
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Figure 12-60. Electric water heaters uti- 
lize heat produced by the flow of electric- 
ity through a resistance wire contained in 
the heating elements to heat cold water 
contained within the storage tank. 


The side of a storage tank has an open- 
ing for each of the immersion elements 
and an opening for a drain valve. The 
drain valve opening is located as close 
to the tank bottom as possible. 

An immersion element 1s an electric 
heating device that is inserted into the 
storage tank of an electric water heater 
and makes direct contact with the water 
to provide fast and efficient heat transfer 
to the water. Each immersion element 
has a separate automatic thermostat. Elec- 
tric water heaters must be filled with water 
whenever the immersion elements are op- 
erated. Dry firing (operating the elements 
without water) will cause the elements to 
burn out since there is no water to carry 
the heat away from the element. 


A dip tube extends from the cold water 
inlet at the top of the storage tank toward 
the bottom of the tank. The dip tube 
conveys incoming cold water through 
the stored hot water and discharges the 
cold water at the bottom of the storage 
tank. The dip tube has a small antisiphon 
orifice near the top end of the tube to 
prevent hot water in the tank from being 
siphoned out during an interruption in 
the cold water supply. 

An automatic thermostat is the primary 
device that starts and stops the flow of 
electricity to the immersion elements, 
and may be adjusted to the desired water 
temperature. The thermostat in an electric 
water heater senses the outside surface 
temperature of the storage tank. Some 
electric water heaters use a thermostat 
that has a remote sensing bulb located 
in an immersion element. 

Electric water heaters have a high limit 
control that stops the flow of electricity 
to the immersion element when the tank 
surface adjacent to the device reaches a 
predetermined temperature. A high limit 
control protects against excessive water 
temperature caused by a defective ther- 
mostat or grounded immersion element. 


Relief Valves 


A water heater can become dangerous 
if high temperature or high pressure 
develops within the storage tank. High 
temperature may develop in a water 
heater storage tank due to water heater 
control failure. If the control fails to turn 
off the heat source, the water in the stor- 
age tank will be heated to excessive and 
unsafe temperatures. 


Gauge Pressure (psi) Boiling Point (°F) 


0 212 
30 274 
60 307 
90 331 


In an open container at sea level, water 
boils and vaporizes (turns to steam) at 
212°F. When water is placed in a closed 


vessel under pressure and heated, as in 
a water heater, the boiling point of wa- 
ter increases in direct proportion to the 
pressure within the vessel. 

Superheated water is water under 
pressure that is heated above 212°F 
without becoming steam. When the 
pressure within a container of super- 
heated water is suddenly released by a 
break in a pipe or a rupture of a water 
heater tank, superheated water imme- 
diately converts to steam and expands 
1728 times. The rapid expansion of 
water converting to steam can result in 
an explosion of the water heater. 

Excessive pressure can develop within 
a water heater storage tank from high 
water service pressure, water ham- 
mer, or thermal expansion. High water 
service pressure can be reduced to an 
acceptable working pressure using a 
pressure-reducing valve on the water 
Service. 

Water hammer is a water supply 
system defect in which a loud noise 
is created when a quick-closing valve, 
such as a clothes washer valve or ball 
valve, is suddenly closed. A momentary 
pressure increase is created in the wa- 
ter supply system, forcing water in the 
pipes to abruptly hit the ends of long, 
straight runs of pipe. Water hammer is 
controlled by the installation of a water 
hammer arrestor. A water hammer ar- 
restor, or shock absorber, is a device 
installed on water supply pipe near the 
fixture with the quick-closing valve to 
control the effects of water hammer. See 
Figure 12-61. A water hammer arrestor 
contains a bellows that compensates for 
additional pressure in the water supply. 
When water is flowing properly, the bel- 
lows 1s collapsed. When water pressure 
increases, the bellows absorbs the water 
pressure force by expanding. 

Thermal expansion occurs when a 
liquid, such as water, is heated. Water 
expands approximately 2.5% in volume 
for every 100°F of temperature increase. 
If water cannot expand within the water 
supply system, the pressure increase 
could result in damage to the system. 
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Figure 12-61. A water 
hammer arrestor is in- 
stalled on water supply 
pipe near the fixture with 
the quick-closing valve to 
control the effects of water 
hammer. 


AT&P relief valve should 
be inspected and tested 
on every service call. 
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WARNING: High temperature and 
excessive pressure within a water heater 
are potentially dangerous situations and 
should be handled properly to avoid dam- 
age or injury. When a water heater stor- 
age tank ruptures due to high pressure, a 
stream of water is released from the crack 
until the pressure is relieved. However, if 
the bottom of a water heater storage tank 
ruptures from high temperature, the water 
heater blows upward, possibly through 
the roof of the building. 

T&P relief valves are quick-opening 
valves installed in water heaters to pre- 
vent high temperature and/or high pres- 
sure from developing within water heater 
storage tanks. A temperature and pressure 
(T&P) relief valve is an automatic self- 
closing safety valve installed in the open- 
ing in a water heater that protects against 
the development of high temperature and/ 
or high pressure within the storage tank. 
See Figure 12-62. 

T&P relief valves are selected on the 
basis of temperature, pressure, and relief 
capacity. The temperature relief portion 
of a T&P relief valve must open before 
the water temperature reaches the atmo- 
spheric boiling point. T&P relief valves 
for domestic water heaters are set to open 
at 210°F. The pressure relief portion of the 
valve must open before the pressure within 
the system exceeds the working pressure 
of the lowest pressure-rated component 
in the system. T&P relief valves are set 
to open at a minimum of 125 psi. 
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Figure 12-62. A temperature and pres- 
sure (T&P) relief valve is installed in the 
opening in a water heater and protects 
against the development of high tem- 
perature and/or high pressure within the 
storage tank. 


When the temperature of water in a 
water heater storage tank is excessive, 
the T&P relief valve opens and releases 


a large volume of water. When excessive 
pressure is generated within the storage 
tank, the valve opens and a small amount 
of water drains from the drain. A T&P 
relief valve must be able to release high- 
temperature water at a rate equal to or 
faster than the rate at which the water 
heater can generate it. The data plate or 
label on a T&P relief valve must contain 
information about the temperature and 
pressure setting of the valve, the relief 
capacity of the valve, and the recognized 
standardization authority such as ASME 
International or AGA (American Gas 
Association). 

The minimum inlet and outlet size 
of a T&P relief valve is 34”. A full-size 
drain, or drip line, must extend from a 
T&P relief valve to within’ 18” of the 
floor or to a safe place of disposal. The 
end of the drain cannot have threads or 
a valve installed to prevent closing the 
drain. The extension thermostat of a 
T&P relief valve is installed in a storage 
tank opening or the hot water outlet with 
the temperature-sensing element in the 
top 6” of the storage tank. 

The test lever of a T&P relief valve is 
used to verify the proper operation of the 
valve. T&P relief valves should be tested 
once a year by manually opening the 
valve. Water should flow from the valve 
if the T&P valve is operating properly. 
If water does not flow from the valve, it 
must be replaced immediately. 


Tankless Water Heaters 


A tankless water heater, also known as 
a demand or instantaneous water heater, 
is an in-line water heater that does not 
use a hot water storage tank. The system 
heats only the water that is used, and 
then continues to heat the water until the 
demand is satisfied. An endless supply 
of hot water can be produced by a tank- 
less water heater that is sized correctly. 
When higher flow rates are required 
for high-demand applications, multiple 
units can be installed in series to provide 
the required flow of hot water. 

The lack of existing hot water creates 
delays in its usage. There is a 10 sec to 


12 sec delay in providing hot water to a 
fixture. This delay results in the excess 
use of water by a user while waiting for 
the heated water to arrive. 

Tankless water heaters generally 
require considerably less energy when 
heating water than conventional stor- 
age water heaters. When there is low or 
no demand for hot water, conventional 
storage water heaters lose heat through 
the insulating jacket of the tank. Energy 
must then be used to maintain the de- 
sired water temperature. Storage water 
heaters have a limited availability of hot 
water and may not always keep up with 
demand during high-demand periods. 
Tankless water heaters do not have tanks 
to store water. As a result. there are no 
standby heat losses, as with storage 
water heaters. 

Typically, the heat source of a tank- 
less water heater 1s either gas or elec- 
tric. See Figure 12-63. The types of 
connections, components, and control 
systems used for tankless water heaters 
are similar to those used for the storage 
water heaters that use the same type of 
heat source. For example, like other 
gas-fired water heaters, gas-fired tank- 
less water heaters require components 
for the proper venting of the products 
of combustion. 


Point-of-Use Water Heaters 

A point-of-use water heater is a plumb- 
ing appliance that dispenses hot water 
to a kitchen sink or other point of use. 
The models available dispense either 
hot or hot and cool water. The water 
may be filtered as well as heated. This 
type of water heater is especially useful 
for serving a single fixture or a small 
group of fixtures seldom used or lo- 
cated far from a primary water heater. 
A point-of-use water heater is typically 
used at a kitchen sink. A typical system 
can deliver up to 60 c of hot water/hr. 
Using a point-of-use water heater can 
be more cost effective than running a 
long length of hot water piping, espe- 
cially if recirculating water piping is 
included. 
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Tankless Water Heaters Figure 12-63 
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Figure 12-63. A tankless water heater does not provide water storage. but instead provides a continuous hot 
water supply by applying its heat source to the water that flows through it. 
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Some types of point-of-use water heat- 
ers have a small insulated tank with a 
heater that keeps the water in the tank at a 
designated hot temperature, while others 
are tankless. When the discharge handle 
is pressed on a point-of-use water filter 
equipped with a tank, the valve opens. 
When the valve opens, unheated supply 
water flows into the tank and displaces 
the hot water, which then flows out of 
the spout. When the discharge handle is 
released, the valve closes and hot water 
stops flowing. The fresh unheated water 
is then heated to the desired temperature 
for later use. The operation of a tankless 
point-of-use water heater is similar to 
that of a large-scale tankless water heater. 
Water is heated when needed. 


PLUMBING FIXTURE 
AND APPLIANCE 
INSTALLATION 


Plumbing fixtures and appliances must 
be handled carefully during installation. 


PLUMBING DESIGN AND INSTALLATION 


Proper plumbing fixture and appliance 
installation occurs in two phases—rough- 
in and finishing. Rough-in, or rough 
plumbing, is the installation of all parts of 
a plumbing system that can be completed 
prior to the installation of any fixtures. 
Rough-in includes installation of the 
following: 

e drainage piping 


e vent piping 
e water supply piping 
* any necessary fixture supports 


Plumbing fixture and appliance manu- 
facturers provide a rough-in drawing for 
plumbing fixtures and appliances to aid in 
the installation of the fixture or appliance. 
A rough-in drawing provides information 
regarding the proper placement of the 
drainage, vent, and water supply piping so 
they fit the fixture or appliance when it is 
installed. In addition, rough-in drawings 
provide dimensions of each fixture and 
information regarding necessary supports 
or backing. 


Finishing is the final installation, or set- 
ting, of plumbing fixtures and appliances. 
With the exception of bathtubs, shower 
bases, and showers, plumbing fixtures and 
appliances are installed after the rooms in 
which they are to be installed have been 
decorated and are ready to be occupied. 
Each plumbing fixture or appliance has 
unique installation procedures. However, 
the procedure typically involved in finish- 
ing plumbing fixtures and appliances is 
as follows: 


l. Uncrate fixture or appliance and its 
trim, and inspect for damage and/or 
defects. 

2. Check measurements for the waste 
and water supply piping with the 
rough-in drawing. 5 


REVIEW QUESTIONS 


co N A a k 


. Attach fixture wall or floor supports. 
. Attach fixture trim, if necessary. 

. Hang or set the fixture. 

. Align, level, and/or plumb the fixture. 
. Secure fixture fasteners. 


. Connect water supply and waste pip- 


ing to the fixture or appliance. 


. Purge water supply piping to relieve 


air and remove any dirt in the piping. 


. Test the water supply and waste 


connections. 


. Clean and inspect the fixture. 


. Caulk the fixture where it meets a 


wall and/or floor to make a watertight 
connection. 


1. Define plumbing fixture and plumbing appliance, and identify the major differ- 


ence between fixtures and appliances. 


2. List five materials from which plumbing fixtures are made. 


3. Describe the flushing action of a siphon jet water closet. 


4. Describe the action of a flush tank mechanism. 


5. Explain the operation of a flushometer valve. 


6. What is the standard drain and vent size for a water closet? 


7. Describe the operation of a port control faucet. 


8. Describe two methods for trapping a double compartment kitchen sink. 


9, List two ways to connect the dishwasher waste to the drainage piping. 


10. Which plumbing fixture may not require a vent? 


11. Define indirect waste receptor, and identify the fixture for which it may be required. 


12. List five sanitary requirements for a drinking fountain or water cooler. 


13. Describe the ion-exchange process. 


14. Explain the importance of a T&P valve. 
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suSstamake Blum bing 


he majority of water used in a 
conventional building is supplied 
from the source to a fixture or 
appliance and is then discharged as efflu- 
ent for treatment. The use of sustainable 
plumbing practices, fixtures, and appli- 
ances is an effort to use water more ef- 
ficiently and reduce energy consumption. 
Several of these practices, fixtures, and 
appliances can be incorporated into exist- 
ing facilities when the fixtures and appli- 
ances are being modified or need to be 
replaced. Other fixtures and appliances 
must be included in the initial construc- 
tion or reconstruction of the water system 
within the building. The development of 
these practices is expected to continue in 
the near future due to recent and pending 
legislation, limited natural resources, and 
the increased cost of producing energy. 
Moving potable water from the source 
to the point of use requires a signiñcant 
amount of energy. The pumps used to 
supply potable water use electricity to 
distribute the water. The greater the dis- 
tance the water must travel, the greater 
the energy consumed. By reducing 
the consumption of potable water, the 
amount of energy required to supply and 
process the water is reduced accordingly. 


WATER CONSERVATION 


In 1999 the American Water Works Asso- 
ciation released a study on the residential 
use of water within the United States. 
The typical American uses an average of 
100 gal. of water/day. This includes about 
70 gal. of daily indoor water used in a 
typical single-family home. 


Very little of the water used for 
residential purposes is used for drink- 
ing or cooking. Most of the water is 
discharged into a fixture or appliance 
and flows away through the sewers. 
Water closets use about 19 gal. (27%) 
of the total average daily water used 
and clothes washers use about 15 gal. 
(21%). Baths and showers combined 
use about 13 gal. (19%), faucets use 
about 11 gal. (16%), and dishwash- 
ers and other domestic appliances use 
about 2.5 gal. (3.5%) of water in single- 
family homes. The remaining 9.5 gal. 
(13.5%) is attributed to leaking pipes 
and fixtures. See Figure 13-1. 
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Figure 13-1. A typical American uses an 
average of 100 gal. of water/day, which 
includes about 70 gal. of daily indoor 
water use. 
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The easiest way to lower the consump- 
tion of water is to replace older, less 
efficient fixtures with high-efficiency 
fixtures. Fixture replacement, combined 
with regularly inspecting for and fixing 
leaks, can lower daily water consumption 
by about 35%. 

In addition to indoor use, a significant 
amount of water is used outdoors for 
landscape irrigation, watering lawns 
in the summer, and maintaining water 
in swimming pools. Drought-resistant 
landscaping and lawn coverings reduce 
the need for watering. Watering the land- 
scaping at dawn or dusk and covering 
pools when not in use reduce evaporation. 


WATER RECLAMATION 
AND RECYCLING 


Water reclamation is the processing of 
water that was intended to go down a 
sanitary or storm sewer. Once the water 
is reclaimed, it can be used in place of 
potable water in certain applications. 
This recycled water may not need to 
be treated, depending on the final use. 
Every gallon of reclaimed water is one 
less gallon of potable water that needs to 
be supplied to the building, and one less 
gallon that must be treated at the water 
treatment plant. The results of water 
reclamation include harvested rainwater. 
graywater, blackwater, and reclaimed 
water. Each type has certain limitations 
on its final use and may be regulated by 
State or local building codes. 


Rainwater Harvesting 


Rainwater harvesting is the process of 
collecting water from roofs and paved or 
vegetated ground for reuse. The capturing 
of rainwater for use has existed prior to 
written history and is once again becoming 
popular. The collection and use of rainwa- 
ter varies, with its use more common in the 
partially arid areas and those with limited 
water availability. Untreated rainwater has 
generally been used for irrigation of land- 
scaping. However, treated rainwater can 
also be used for bathing, washing clothes, 
or other nonpotable uses. Rainwater can 
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also be used to supplement the water used 
in cooling tower applications as well. 


Rain Barrels. A rain barrel is a con- 
tainer that holds the rainwater from a 
building roof. The rainwater is received 
through gutters connected to a down- 
spout. A rain barrel is the simplest 
implement for rainwater collection and 
storage. See Figure 13-2. Even a small 
amount of rain on the average single- 
family home is enough to fill the rain 
barrel. Rain barrels are inexpensive and 
can be installed at multiple downspouts. 
Rain barrels range in size from 30 gal. 
to over 100 gal. A spout near the bottom 
of the barrel allows for the removal of 
the water when it is needed. This water 
is often used for the irrigation of shrubs 
and landscaping between rainfall events. 
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Rain Barrels 


Figure 13-2 


Figure 13-2. Rain barrels are used 
for collecting rainwater and require no 
plumbing. 


The rain barrel opening needs to be 
covered or screened to prevent debris and 
insects from entering the barrel. The rain 
barrel must be emptied and removed in 
freezing climates. In warmer climates, it 
needs to be emptied and cleaned at least 
once a year. Maintenance also includes 
periodically cleaning the gutters (with the 
rain barrel disconnected from the down- 
spout) and removing any collected sedi- 
ment from the bottom of the rain barrel. 


Rainwater Collection Systems. A 
rainwater collection system is a rain- 
water harvesting system that discharges 
collected rainwater into a holding tank 
through the use of gutters connected to 
a roof, downspouts, and yard drains. The 
holding tank can be installed aboveg- 
round or belowground, depending on 
the system configuration and site layout. 
See Figure 13-3. The holding tank can 
also be installed in the basement of the 
building, with a method of diverting the 
water flow outside when the tank is full. 
Holding tanks and cisterns used in rain- 
water collection systems range in size 
from 1000 gal. to 40,000 gal. The tanks 
can be constructed out of metal, plastic, 
wood, or concrete. 

The collected rainwater needs to be 
filtered to remove leaves, grit, and other 
objectionable matter. A first flush filter 
should be used to divert the first 10 gal. 
to 50 gal. of rainwater away from the 
storage tank. Other filters, such as sedi- 
ment and ultraviolet filters, may be used 
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to treat the water after it leaves the storage 
tank. The system also needs to include 
an overflow in the event an excessive 
amount of water has been collected. 
Some rainwater harvesting systems may 
include a connection to the municipal 
water supply for backup. A reduced pres- 
sure zone (RPZ) backflow preventer must 
be used to eliminate the chance of cross 
connection or contamination. 

The use of collected rainwater is usually 
limited to nonpotable fixture use, such as 
washing or irrigation, but it may be treated 
for potable water use in certain areas. An 
electric pump conveys the stored water 
to the fixtures when it is needed. Holding 
tanks placed in warmer areas, such as a 
basement, would need to be checked for 
algae growth. The growth of algae can be 
prevented by protecting the water from 
sunlight. This may be accomplished by 
using an opaque tank, or by covering or 
painting the exterior of the tank. Any algae 
growth that does occur may be treated by 
using small amounts of chlorine. 


Figure 13-3 
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Figure 13-3. The use of collected rainwater is usually limited to nonpotable applications. 
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Rainwater collection systems must be 
maintained in accordance with manu- 
facturer recommendations. Typically 
at least once a year, the piping system 
and storage tank should be flushed out 
to control sedimentation and recharged 
with potable water to prevent corrosion 
in the system. During this process, 
existing system components, such 
as piping, valves, pumps, and filters, 
should be checked for leaks, damage, or 
obstructions. Freeze protection must be 
considered in colder climates to prevent 
damage to storage tanks and piping. 


Graywater 


Graywater 1s wastewater generated by 
water flowing through fixtures that do 
not come into contact with or contain 
fecal matter or food solids. Graywater 
comes from showers, baths, sink lava- 
tories, and clothes washing machines. 
See Figure 13-4. This flow is directed 


through piping and into a holding tank 
for later reuse. The graywater may be 
filtered before it reaches the holding 
tank, after it leaves the holding tank, or 
both. Filter backwash and any excess 
flow into the tank are redirected to the 
building drain. 

The graywater holding tank needs 
to be sized for the anticipated reuse 
requirements of the building. Untreated 
graywater that remains in a tank for an 
extended period of time may develop 
odors. Generally, the tank size should 
be limited to that needed within a few 
days of normal use. This would limit 
the impact of any organic matter that 
might enter the graywater system by 
the normal flushing action of occasional 
higher use. Periodic flushing of the tank 
during high use with an exchange of 
water would reduce the odor problem. 
At least once a year, the holding tank 
should be emptied, cleaned. and refilled. 


Figure 13-4 
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Figure 13-4. Graywater comes from showers. baths, sink lavatories. and clothes washing machines. 
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Graywater Code Limitations. Many 
codes and local jurisdictions limit the use 
of graywater. Standard precautions include 
backflow prevention and limiting the sur- 
face discharge of graywater. These limita- 
tions are continually under review and may 
be revised at any time. A contractor must 
check with the local building official prior 
to any adjustment of an existing facility 
or constructing a new system. Graywater 
could contain pathogens that could be 
harmful to humans, so care must be taken 
in its use. Extreme care must be taken to 
prevent a cross connection with the potable 
water system. 


Graywater Uses. Graywater is primarily 
used for nonpotable water fixtures and ir- 
rigation, Many codes that allow graywater 
to be used for irrigation require the irriga- 
tion system to be installed as subsurface 
irrigation or as aboveground drip irrigation. 
Care must be taken to contain the discharge 
within the landscape area. When nonpo- 
table fixtures receive graywater, plumbing 
codes normally require that the piping 
distribution system be clearly identified 
and isolated from the potable water system. 
This is normally done using colored pip- 
ing and fittings. In some jurisdictions, the 
graywater used in urinals and toilets must 
be dyed with a food-grade vegetable dye 
to distinguish the recycled water from the 
potable water. 

An additional precaution for using 
graywater includes labeling the pipe. The 
language used on the label is determined 
by the local jurisdiction. Examples include 
“DANGER — UNSAFE WATER” or 
“CAUTION: NONPOTABLE WATER. 
DO NOT DRINK.” See Figure 13-5. Toi- 
lets and urinals may also have to be marked 
with labels indicating nonpotable water is 
being used. Exterior hose bibs that connect 
to the graywater system should be labeled 
and capped to prevent inadvertent use. 


Graywater comprises 60% to 80% of 
residential wastewater, while blackwater 


| comprises the remaining 20% to 40%. 


Figure 13-5 
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Figure 13-5. Graywater must be properly labeled to prevent unin- 
tentional use. The language used for labels is determined by local 
jurisdictions. 


Single-Fixture Graywater Systems. 
Single-fixture graywater collection 
systems may be used in certain areas of 
a building. A single-fixture graywater 
collection system is sometimes used 
in a lavatory. See Figure 13-6. The 
graywater collection tank is located 
under a sink lavatory and redirects the 
wastewater into the tank and then to the 
adjacent water closet in that lavatory. 
These self-contained units simplify 
the system and limit the possibility of 
cross contamination. 


Blackwater 

Blackwater is wastewater that has 
come into contact with or contains fe- 
cal matter or food solids. Blackwater 
is generated from dishwashers, kitchen 
sinks, urinals, and water closets and is 
not suitable for reuse. Clothes washers 
sometimes discharge water after washing 
diapers, soiled clothes, and towels used 
to clean kitchens and bathrooms, so the 
discharged water 1s normally considered 
blackwater. Much of this water was 
heated for use, with the resulting heat 
energy being lost into the sewer. 
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Figure 13-6. A graywater collection system located under a sink redirects lavatory 
wastewater for use in an adjacent water closet. 


Prior to the final discharge, blackwater 
may be sent through a heat exchanger 
to recover its excess heat. The heat ex- 
changer is connected to the cold water 
piping supplying water to the hot water 
heater, effectively preheating the water 
supply to the hot water heater. Great 
care must be taken to avoid cross con- 
tamination of the potable water. Direct 
recycling of blackwater is not permitted, 
but blackwater may be processed into 
reclaimed water at a treatment plant. 


The first centralized sewer system was 
constructed in Hamburg, Germany 
in 1543. 


—— 


Reclaimed Water 


Reclaimed water is wastewater that some- 
times requires treatment to meet the fed- 
eral requirements for its intended use as 
nonpotable water. The level of treatment 
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and quality of the reclaimed water depend 
on its use and must be approved by the 
authority having jurisdiction (AHJ). Re- 
claimed water is commonly effluent from 
a wastewater treatment plant that has 
undergone treatment to remove harmful 
pathogens, organic material, and heavy 
metals. Reclaimed water may be used 
for the following: 

e residential and commercial 

landscaping 


e recreational field irrigation 


e dust control and concrete production 
for construction projects 


e fire protection through reclaimed 
water fire hydrants 


e toilet and urinal flushing in com- 
mercial and industrial buildings 


* commercial uses such as high- 
volume vehicle washing; window 
washing; and mixing water for pesti- 
cides, herbicides, and liquid fertilizers 


e industrial and utility cooling water 
and process applications 


Reclaimed water systems meeting the 
requirements of plumbing and health codes 
have been permitted to be installed in non- 
residential buildings. There have been some 
Jurisdictions that have allowed reclaimed 
water to be used in residential installations. 
There should never be a direct or indirect 
connection between reclaimed and potable 
water systems with or without mechanical 
backflow prevention devices. 


LOW-FLOW PLUMBING 
FIXTURES AND 
APPLIANCES 


The 1992 Energy Policy Act mandates 
that manufacturers of plumbing fixtures 
and appliances develop new products that 
reduce their energy and water consump- 
tion. Sustainable practices include the use 
of more efficient fixtures and appliances 
to reduce the water and energy used. 
This is accomplished primarily through 
tighter flow restriction, higher efficiency 
plumbing fixtures, and replacing wasteful 
plumbing appliances. 


Flow Restrictors and Aerators 


A flow restrictor is a washer-like disk 
installed in a plumbing fixture that 
reduces the flow of water leaving the 
fixture. Flow restrictors can be added to 
many fixtures such as faucets and shower 
heads. Another device used to limit the 
flow of water leaving a plumbing fixture 
is a low-flow aerator. See Figure 13-7. A 
low-flow aerator is a water- and energy- 
saving device that replaces the existing 
aerator on a faucet. A low-flow aerator 
uses a flow restrictor to reduce the flow 
of water by up to 50% and a mixer to 
increase the air in the water to provide 
the feeling that the flow has not changed. 

Care must be taken in the selection of 
restrictors or aerators so that the perfor- 
mance of the fixture is not affected. Also, 
the screen and mixer must be periodically 
checked and cleaned. With the reduced 
water flow, the fixture drain needs to be 
checked periodically. The reduced dis- 
charge may reduce the cleansing flow, 
causing an increase in drainage blockage. 
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Figure 13-7. A low-flow aerator contains 
a flow restrictor that reduces the flow and 
a mixer that adds air to the flow of water. 


Low-Flow Water 
Closets and Urinals 


The 1992 Energy Policy Act required 
manufactures to develop low-flow water 
closets and urinals. The current require- 
ments are 1.6 gal./flush for water closets 
and 1.0 gal./flush for urinals. This is con- 
siderably less than the previous standard 
for older water closets of 3.4 gal./flush. 
Since many of these older water closets 
are still in use today, replacing these 
older units would result in considerable 
efficiency improvement in water usage. 


Ultra-Low-Flow Water Closets. An 
ultra-low-flow water closet, or high- 
efficiency toilet (HET), is a water closet 
that includes a pressure tank to produce 
a pressure-assisted or vacuum-assisted 
flush. The pressure-assisted flush reduces 
water use from 1.6 gal./flush to 1.28 gal./ 
flush. The ultra-low-flow water closet re- 
quires more maintenance than the typical 
water closet, so it is often used in com- 
mercial or industrial settings. However, 
as technology continues to advance, the 
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number of ultra-low-flow water closets 
installed in residential lavatories will con- 
tinue to increase. 


Dual-Flush Water Closets. A dual-flush 
water closet is a water closet that provides 
a flush option for liquid waste and one for 
solid waste. See Figure 13-8. The first op- 
tion uses 0.8 gal. to 1.0 gal./flush for liquid 
waste only. The other option uses 1.28 gal. 
to 1.6 gal./flush to remove solids and clean 
the bowl. By using the appropriate flush 
option, the amount of water used could 
be significantly reduced without reducing 
the effectiveness of the flushing action. A 
dual-flush system is particularly beneficial 
in commercial settings where there is sub- 
stantial use. 


Dual-Flush 


Water Closets — 


Figure 13-8 


Figure 13-8. A dual-flush water closet 
provides two flush options: one for liquid 
waste and one for solid waste. 


Ultra-Low-Flow Urinals. An ultra-low- 
flow urinal is a urinal that uses a reduced 
amount of water to flush liquid waste. The 
urinal uses an optimized valve which pro- 
duces a pressure-assisted flush. This type of 
urinal reduces water use by 0.5 gal./flush. 


Waterless Fixtures 

Waterless urinals and composting toilets 
have been in use for centuries. The use of 
waterless fixtures can result in consider- 
able water savings, but the fixtures require 
much maintenance. In America, waterless 
urinals and composting toilets were gener- 
ally phased out a century ago in favor of the 
now traditional fixtures. However, waterless 
urinals and toilets continue to be used in 
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isolated areas with limited power and water, 
including camp grounds. 


Waterless Urinals. A waterless urinal is 
a urinal designed to allow urine to flow 
through a trap device without the use of 
water. Some of these urinals include a 
replaceable cartridge to create an airtight 
barrier. See Figure 13-9. A liquid sealant 
is contained within the cartridge that allows 
urine to pass through it. The cartridge will 
then float over the urine to create a trap 
that prevents sewer gas from entering the 
room. A cartridge-free urinal includes a 
similar trap that contains the liquid sealant 
without the cartridge. Waterless urinals are 
best used where there is a significant level 
of use. They require periodic replacement 
of the cartridge or sealant liquid and may 
require drain line maintenance after a pe- 
riod of time. 


Composting Toilets. A composting toilet 
is a toilet that consists of a single unit with 
a composting compartment or many units 
connected to a remote composting tank. 
See Figure 13-10. The collected fecal mat- 
ter is converted into organic matter without 
the use of water. Aerobic microbes break 
down the waste using the available water 
and air, reducing the volume of waste down 
to 1% to 2% of the original volume. 


Waterless Urinals 
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Figure 43-8 


Sloan Valve Company 
Figure 13-9. Waterless urinals require 
proper maintenance to ensure safe and 
proper operation. 
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Figure 13-10. A com- 
posting toilet reduces the 
volume of waste down to 
1% to 2% of the original 
volume using aerobic mi- 
crobes. 


Figure 13-10 
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The composting toilet normally includes 
a small fan to discharge the air outside and 
create an odor barrier. This air exchange 
also maintains the aerobic condition. Most 
units require periodic aeration and rotation 
of the solids to continue the composting 
process. A provision is required to empty 
the composted material, normally on an 
annual basis. This type of toilet may be 
desirable in limited locations where normal 
sanitary systems and water are generally 
not available. The use of composting toilets 
and the by-products produced from their 
use may be regulated by state or local 
plumbing or environmental codes. 


HIGH-EFFICIENCY 
FIXTURE AND APPLIANCE 


PROGRAMS 


The 1992 Energy Policy Act requires 
manufacturers to develop energy-efficient 
appliances, and it set water consumption 
requirements for low-flow fixtures. Two 
programs that address these requirements 


are the WaterSense and ENERGY STAR® 
programs. The WaterSense program focus- 
es on reducing water consumption, while 
the ENERGY STAR program focuses on 
energy efficiency. 


WaterSense Program 

The WaterSense program was created 
by the Environmental Protection Agency 
(EPA) in partnership with plumbing fix- 
ture manufacturers to create and certify 
water-efficient fixtures. Products that bear 
the WaterSense label must be 20% more 
water efficient than other products in that 
category. WaterSense products must also 
perform as well as or better than their less 
efficient counterparts. The WaterSense 
label can be found on lavatory faucets, 
showerheads, toilets, and urinals. 


ENERGY STAR® Program 
High-efficiency appliances that ex- 
ceed the minimum requirements set 


forth by the Energy Policy Act can be 
identiiied’ by their ENERGY STAR 
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label. An ENERGY STAR appliance 
is an energy-efficient appliance that 
uses recent advances in technology 
to provide a 20% to 50% reduction in 
energy consumption. The requirements 
for ENERGY STAR appliances vary 
with the appliance type and are peri- 
odically adjusted to account for current 
advances in technology. The increased 
efficient use of energy normally results 
in a significant reduction in the use of 
water in the appliances that use water. 


High-Efficiency Clothes Washers. A 
clothes washer is the second largest user of 
indoor water. ENERGY STAR models are 
highly efficient front-load models, using up 
to half the water that conventional top-load 
models use. See Figure 13-11. Top-load 
ENERGY STAR models provide increased 
efficiency, but do not match the efficiency 
levels of front-load models. Front-load 
washers tumble clothes with a small 
amount of water. Efficient motors spin the 
clothes faster, resulting in greater removal 
of water and less drying time. A full-size 
ENERGY STAR clothes washer uses 14 gal. 
of water/load, while a standard machine 
uses 27 gal. The use of an ENERGY 
STAR clothes washer can save 43.000 gal. 
of water over the life of the washer. 


High-Efficiency Dishwashers. A dish- 
washer uses a significant amount of indoor 
water, especially when used daily. A con- 
siderable amount of water can be saved by 
washing dishes by machine rather than by 
hand, although certain items still need to 
be hand washed. ENERGY STAR models 
are more efficient, using less energy and 
water than conventional models. ENERGY 
STAR dishwashers are, on average, 10% 
more energy efficient and 12% more 
water efficient than conventional models. 
Replacing a pre-1994 dishwasher with an 
ENERGY STAR dishwasher can save more 
than 10 gal. of water/wash cycle. 


HIGH-EFFICIENCY HOT 
WATER SYSTEMS 


Most buildings rely on hot water heating 
systems to supply their hot water needs. 
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Conventional systems have developed over 
time to provide hot water needs based on 
the availability of energy and water. In 
recent years, energy costs have increased, 
and the availability of water has decreased. 
Inefficient conventional hot water systems 
may be replaced by newer, more efficient 
systems. 


High-Efficiency 
Clothes Washers 


So = 


Figure 13-11 —_ 
Figure 13-11. A front-load clothes washer 


uses significantly less water than a con- 
ventional top-load clothes washer. 


High-Efficiency Gas Storage 
Water Heaters 


A conventional storage water heater is the 
most commonly used water heater for pro- 
viding heated water. The hot water is piped 
to the various fixtures and appliances that 
need the hot water. The heating fuel used in 
aconventional storage water heater is either 
natural gas or propane. The disadvantage 
of a conventional storage water heater is 
that the water within the tank is held at 
a constant temperature until it is needed, 
contributing to standby heat loss. 

A high-efficiency storage water heater 
provides a more efficient source of hot 
water than a conventional storage water 
heater, and it should be ENERGY STAR 
rated. The increase in efficiency is attrib- 
uted to the use of more efficient burners and 
heat traps and better tank insulation. Some 
models have power vents to accelerate the 
venting of combustion gases. The use of a 
high-efficiency storage water heater can 
reduce water heating costs by about 7.5%. 


Gas Condensing Water Heaters 


A gas condensing water heater is a storage 
water heater that uses combustion gases 
to assist in heating the water located in its 
storage tank. The gases flow up through 
heat exchangers in the tank and out the vent. 
See Figure 13-12. Along the way, most 
of the heat from the combustion gases is 
transferred to the water in the tank. Because 
the gases have significantly cooled, inex- 
pensive PVC or ABS venting can be used 
instead of stainless steel, which is required 
with tankless water heaters. 

Gas condensing water heaters are ex- 
tremely efficient compared to conventional 
and high-efficiency gas storage water heat- 
ers. Typical water heaters operate at 75% 
efficiency, high-efficiency water heaiers 
operate at 80% efficiency, and gas condens- 
ing water heaters operate at 90% to 96% 
efficiency. The use of a gas condensing 
water heater can reduce water heating costs 
by about 30% compared to the use of a 
typical gas storage water heater. 


Tankless Gas Water Heaters 


Tankless gas water heaters have some ad- 
vantages over conventional storage water 
heaters. Since water is not stored in a tank, 
energy is not constantly needed to maintain 
water temperature. Tankless water heaters 
operate at about 80% efficiency. Certain 
condensing models operate at about 95% 
efficiency. The use of a tankless gas water 
heater can reduce water heating costs by 
more than 30%, depending on use. 

The cost of a tankless unit and its instal- 
Jation is more significant than the cost a 
conventional storage water heater. How- 
ever, a typical tankless water heater has 
a life expectancy of 20 yr, allowing for a 
longer time to recoup the investment costs. 


Heat Pump Water Heaters 


A heat pump water heater is a storage 
water heater that receives heat from 
the surrounding air and transfers it to 
the water in its enclosed tank. See Fig- 
ure 13-13. A low-pressure liquid refrig- 
erant is vaporized in the evaporator of 
the heat pump and passed into the com- 
pressor. As the pressure of the refriger- 
ant increases, so does the temperature. 
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Figure 13-12. A gas condensing water heater uses the heat from 
combustion gases to heat the water in the storage tank. 


The heated refrigerant runs through a 
condenser coil within the storage tank, 
transferring heat to the water stored there. 
As the refrigerant delivers its heat to the 
water, it cools and condenses, and then 
passes through an expansion valve where 
the pressure is reduced, and the cycle 
starts over. One type of heat pump water 
heater, called a hybrid water heater, uses 
electricity to heat the water when there is 
an increased demand for hot water. 

One advantage of heat pump water heat- 
ers is that they discharge cool, dehumidified 
air that can be used to cool other areas of 
a building. Heat pump water heaters also 
operate using electricity and can save about 
60% of water heating costs compared to 
conventional electric water heaters. 
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Figure 13-13. A heat pump water heater takes the heat from the sur- 
rounding air and transfers it to the water in an enclosed tank. 
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Solar Thermal Water Heaters 


A solar thermal water heater is a water 
heating system that uses radiant energy 
from the sun as a heat source. Using so- 
lar thermal water heaters can be a very 
energy-efficient method of heating water. 
Water flows through the collector where 
energy from the sun heats the water, 
which is then stored in a tank. 

A solar thermal water heating system 
consists of a number of solar energy 
collectors, a circulating piping system, 
an insulated storage tank, and a back- 
up heating system for cloudy days. See 
Figure 13-14. The back-up heating 
system may be a conventional storage 
water heater designed for this purpose 
or a tankless water heater. While a solar 
thermal water heater can typically re- 
duce water heating costs by 50% to 80%, 
the typical payback for the installation 
may take up to 10 yr. 
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Solar thermal water heating systems 
rely on gravity and thermosiphoning or 
a pump to circulate the water within the 
system. A system that uses the natural 
force of gravity and thermosiphoning to 
circulate the fluid through the solar col- 
lectors and to the storage tank is known 
as a passive system. In a passive sys- 
tem, the storage tank must be above the 
collectors so that the heated fluid rises 
through the collector and into the tank. 
A system that uses a pump to control 
fluid flow is known as an active system. 
In an active system, the collectors are 
usually above the storage tank, but in 
some installations they may be mounted 
below the tank. 

Solar thermal water heating systems 
are classified as either direct or indirect 
systems. In a direct system, the potable 
water obtained through the water sup- 
ply of the building circulates from the 
storage tank to the collector. The potable 
hot water acts as a heat transfer fluid. 
In an indirect system, the fluid that 
circulates through the collector may 
be water or another heat transfer fluid. 
The fluid never comes into contact with 
the potable water in the storage tank. 
Instead, it transfers heat to the potable 
water through a heat exchanger. The 
heat exchanger may be located inside 
the storage tank or integrated within the 
water heater. 

The proper fluid to use for a solar 
thermal water heating system, regard- 
less of the type of system used, depends 
on the climate in which the system 
is installed. In mild climates without 
freezing temperatures, potable water can 
be used. Where freezing temperatures 
are expected, a transfer fluid is used, 
normally a water and propylene glycol 
mixture. A drainback system can also 
be used when outside temperatures drop 
below freezing. A drainback system uses 
an automatic controller to drain the fluid 
from the collectors into a small indoor 
tank for storage when the temperature 
drops to freezing. The next morning, the 
fluid can be sent back to the collector 
when it is warmer. 
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Figure 13-14. A solar thermal water heater uses energy from the sun to heat water. 


Geothermal Heating Systems 


A geothermal heating system is a system 
that uses residual energy from the earth as 
a heat source and a heat sink. Geothermal 
heating systems provide an energy-efticient 
way to heat water for use or to heat a build- 
ing. Residual heat from the earth heats 
water pumped through a buried piping 
system. The water is then stored in a tank. 
During the summer, the excess heat can be 
removed from the building and stored in 
the hot water tank and then transferred by 
the geothermal system back to the ground. 

A geothermal heating system consists 
of a buried circulating piping system, 
an insulated storage tank, and a back-up 
heating system for high-demand times and 
extended cold days. The heated fluid circu- 
lates through the piping and transfers the 
heat directly to the soil. See Figure 13-15. 
The size and number of loops required de- 
pends on the climate and heating demands 


of the building. The back-up heating system 
may be aconventional storage water heater 
designed for this purpose. 
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Figure 13-15. A geothermal heat pump 
transfers heat energy from the ground 
into pipes that circulate a transfer liquid. 
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INSULATION 


Using an insulated storage water heater 
is the simplest way to reduce the amount 
of energy required to heat water. Storage 
water heaters have existing insulation 
that provides some benefit. The addi- 
tion of more insulation, preferably a 
manufactured jacket, around an existing 
storage water tank significantly reduces 
the energy required to maintain tank 
temperature. Insulating the water pip- 
ing for 3’ to 6’ from the hot water tank 
would also help to reduce heat loss. 
The tank heating area needs to remain 
well-ventilated, and the safety valves 
must not be covered by the insulation. 
The insulation must be kept at least 6” 
from the flue. 

Insulated hot water pipes can maintain 
water temperature 2°F to 4°F warmer 
than noninsulated pipes, allowing 
for lower water temperature settings 
and less energy consumption. See 
Figure 13-16. All accessible hot water 
piping should be insulated, especially 
the first 3’ from the water heater. The 
first 3’ of the cold water inlet pipe should 
also be insulated. Pipe sleeves made 
with polyethylene or neoprene foam 
are most commonly used for insula- 
tion. If pipes are within 8” of the flue, a 
fiberglass pipe-wrap (at least 1” thick) 
without facing should be used. 


Piping Insulation 


Figure 13-16 


Figure 13-16. Insulated hot water pipes 
reduce heat loss and can maintain wa- 
ter temperature 2°F to 4°F warmer than 
noninsulated pipes. 
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GREEN BUILDING 


Green building, or sustainable building, 
is the practice of efficiently using en- 
ergy, water, and other natural resources to 
construct and maintain buildings. Green 
building places an emphasis on the creation 
of a living area or working environment 
that protects the health of the occupants. 
Green building is a recent development 
in the construction industry. Green build- 
ing arose from concerns over diminishing 
natural resources, pollution, health, and 
other factors that have a negative impact 
on the environment. The application of 
sustainable plumbing practices will result 
in a considerable reduction of water and 
energy use. 

Green building is beneficial to the envi- 
ronment, the economy, occupant health, 
and the community. Environmental ben- 
efits include improvements to water and 
air quality, the conservation of natural 
resources, and reductions in landfill waste. 
Economic benefits include reduced energy 
costs, improved employee productivity, and 
increased asset value. Health and commu- 
nity benefits include improved working and 
living environments, increased health and 
wellness, and minimized impacts on local 
infrastructures. 


Green Building Rating Systems 
Green building rating systems provide 
standards and guidance for green con- 
struction. The use of these rating systems 
is voluntary. Green building rating systems 
offer information to building and land- 
scape architects, real estate profession- 
als, facility managers, engineers, interior 
designers, construction managers, lenders, 
and government officials. The most popu- 
lar rating system is the Leadership in En- 
ergy and Environmental Design (LEED*®) 
certification system from the U.S. Green 
Building Council®. LEED certification 
offers confirmation and proof that a build- 
ing meets its green environmental goals. 
LEED certification is based on a point 
system. See Figure 13-17. 

The LEED Green Building Rating Sys- 
tem™ is the nationally accepted benchmark 


for the design, construction, and operation 
of high-performance green buildings. The 
collection of LEED certification require- 
ments serves as a guide for building owners 
and operators concerning the construction 
and operation of a building. The LEED cer- 
tification process addresses sustainable site 
development, water use, energy efficiency, 
materials selection, and indoor environ- 
mental quality throughout the construction 
and operation of a building. 

The development of the LEED program 
began in 1994. The LEED certification 
process was established in 1998 and cur- 
rently covers a variety of construction 
project types. Each type of construction 
project has its own rating system. The ba- 
sic certification level and points required 
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LEED® Certification Checklist 


to attain a higher certification level vary 
by the project type. The four certification 
levels are certified, silver, gold, and plati- 
num. Sustainable plumbing practices may 
result in obtaining LEED credits for water 
efficiency and renewable energy sources. 
The LEED building design is becoming 
the accepted standard, resulting in a 20% 
to 40% reduction in water use. 

In addition to green building rating sys- 
tems, some jurisdictions are making green 
building mandatory for new construction 
and renovation projects. Programs, such as 
the Green Building Initiative in California, 
require new government buildings to meet 
minimum green building standards and an 
increase in the energy efficiency of new and 
existing facilities. 


LEED 2009 for New Construction and Major Renovations 
Project Checklist 


Project Name 
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project scope): water closets, urinals, lavatory {aucets, showers, kitchen sink faucets and prerinse spray valves. 


Current Baseline 


L 6 gallons per Mush (got) 
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Ea aona Except blow out fixtures 3 h (got) 
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U.S. Green Building Council 


Figure 13-17. The LEED’ certification system offers confirmation and proof that a building meets its green 
environmental goals. 
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REVIEW QUESTIONS 
1. How much water is consumed by an individual per day. and what appliances 
consume the most amount of water per day” 


. List and describe various rainwater harvesting systems. 

. Describe the differences between graywater, blackwater, and reclaimed water. 
. Explain how a low-flow aerator operates. 

. What are the current requirements tor low-flow water closets and urinals? 

. What are the advantages and disadvantages of waterless urinals? 

. List and describe the types of efficient hot water systems. 


. Explain the benefits of pipe insulation. 


© © N A Oo Aà WH N 


. List the benefits of green building. 


— 
© 


. What are the four levels of LEED® certification? 
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esting and mopecune Pilmbing Systems 


lumbing systems are subjected to 

appropriate tests and inspections as 

the various phases of plumbing 
installation are completed to ensure the 
systems are safe. properly installed. and 
free from leaks. Testing plumbing sys- 
tems is the responsibility of the plumber. 
Plumbing system inspection is performed 
by a plumbing inspector or building of- 
ficial. The testing of plumbing systems is 
enforced by local municipalities. 

The entire plumbing system must be 
tested and inspected to certify that systems 
meet plumbing code requirements. In 
general. plumbing systems are tested and 
inspected in the sequence in which they 
are installed: 

l. Sanitary drainage and vent piping 


2. Stormwater drainage system 


3. Potable water supply and distribution 
system 


4, Plumbing fixture installation 


Plastic pipe and fittings are commonly 
used for DWV piping in residential 
structures because the pipe and fittings 


are less expensive and take less time to 
install than metal pipe. 


For some installations, several plumb- 
ing systems can be tested and inspected 
simultaneously. for example when the 
building sewer and storm sewer are 
installed in the same trench. Larger 
plumbing installations. such as sanitary 
drainage and vent piping in multistory 
buildings, are tested and inspected in 


sections to identify and correct defects 
so construction performed by other trades 
can proceed in a timely manner. 


PLUMBING SYSTEM TESTS 


Plumbers use the following tests to 
ensure that the plumbing systems of a 
building are free from leaks: 


° air test 
* Water fest 
e final air test 
Local plumbing codes specify the 


plumbing system test recognized in that 
state or municipality. 


Air Tests 


An air test is a plumbing system test in 
which inlets and outlets to a system are 
sealed and air is forced into the system until 
a uniform air pressure of 5 psi 1s reached 
and maintained for 15 min without 
additional air being added to the system. 
To perform an air test. the following 
items are needed: 
e devices to seal the openings in the 
system 


e test gauge assembly 
e hand pump or air compressor 


e soap solution to check for leaks (usu- 
ally in a spray bottle) 


A hand pump or portable air compres- 
sor is used to force air into the plumbing 
systein. It is typically used when testing 
smaller installations. such as a one- 
family dwelling. See Figure 14-1. For 
larger installations. such as commercial 


Testing plumbing sys- 
tems is the responsibility 
of a plumber, and inspec- 
tion is performed by a 
plumbing inspector or 


building official. 


LOS 


4d 


or public buildings, an engine-driven air 
compressor is used as the compressed air 
source. An adequate length of air hose is 
required to convey air from the air com- 
pressor to the test opening connection. 
Several types of devices are used to seal 
or plug openings in plumbing systems 
when performing an air test, including test 
plugs and caps and pipe plugs and caps. 
An inflatable test plug is a test plug that is 
inserted into pipe during an air or water test 
and secured in position by inflating the plug 
with air. Deflated test plugs are properly 
positioned within the pipe and inflated with 
a hand pump or air compressor to seal an 
opening. See Figure 14-2. Inflatable test 
plugs are available in 4” to 18” pipe sizes. 
A mechanical test plug is a test device that 
is inserted into the end of a pipe and secured 
using mechanical means to prevent air or 
water leakage during an air or water test. 
The O-ring of a mechanical test plug 
is inserted into the pipe or opening and 
the hex or wing nut is tightened, resulting 
in the O-ring expanding and sealing the 
opening or pipe. Mechanical test plugs are 
available in ¥8” to 12” pipe sizes. 


Portable Air Compressors 


HANDLE . 
ON/OFF SWITCH - 


QUICK-CONNECT 
FITTINGS ~_ 


DRAIN VALVE 


WARNING: Personal injury or prop- 
erty damage may occur if a test plug 
fails when a plumbing system is under 
pressure. Always wear a protective hel- 
met (hard hat) and eye protection when 
performing air and water tests using test 
plugs and do not stand directly in front 
of an outlet where a test plug 1s installed. 
Attach an inflation extension hose to a 
test plug so the plug can be inflated or 
deflated without working directly in front 
of the test plug outlet. Do not remove a 
test plug from a pipe or other opening 
until testing pressure has been released 
from the plumbing system. 

A test cap is a reinforced mechanical 
plug that seals over the outside end of 
plastic, steel, copper. and cast iron soil 
pipe. It is typically secured in position 
with a stainless steel hose clamp. See 
Figure 14-3, Test caps should be installed 
with piping to prevent debris from enter- 
ing the piping system during construction. 
Since a test cap is visible when properly 
installed, there is less possibility of the 
test cap being left in place after testing 


Figure 14-1 
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Figure 14-1. Portable air compressors are used to supply air for the test. 
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and inspection. Test caps are available in 
1¥2” to 8” pipe sizes. 

Pipe plugs and caps are installed on 
pipe ends using solder, solvent cement, or 
threads, depending on the type of piping 
material being sealed. A pipe plug is atest 
device installed on the inside of a pipe end. 
A pipe cap is a test device installed on the 
outside of a pipe end. Copper pipe caps 
are soldered to the pipe ends. Plastic pipe 
plugs and caps are solvent-cemented to the 
pipe ends, and are removed by cutting off 
the pipe end and plug or cap. Malleable 
iron plugs and caps have male and female 


threads, respectively, and are removed 
from the pipe end using a pipe wrench. 

A test gauge assembly is a test device 
used to measure the pressure within 
waste and vent, water, gas, air, or other 
piping systems to ensure the system is 
maintaining the proper pressure. In ad- 
dition to measuring air pressure within a 
plumbing system, the test gauge assem- 
bly also permits air to be admitted to the 
system. Job-built test gauge assemblies 
are constructed of a ball valve. reduc- 
ing tee, two nipples, and a test gauge. 
See Figure 14-4. 


Inflatabie Test Plugs 
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Figure 14-2. Inflatable test plugs must be properly positioned before conducting an air or water test. 


Test Plugs and Caps ...... Figure 14-3 
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Figure 14-3. Mechanical test plugs and caps are installed on fixture drains. 
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Test Gauge Assemblies == 


Proper safety precau- 
tions must be observed 


; : : 7- TEST GAUGE 
when performing air or ‘ 


water fests. 
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Figure 14-4 


Figure 14-4. A test gauge assembly for 
an air test can be job-built. 


Water Tests 


A water fest is a plumbing system test in 
which pipe openings are sealed with plugs 
or caps and the pipe is filled with water 
to provide a specified amount of pressure 
to the plumbing system to determine the 
tightness of the system. For a water test, 
the plumbing system must be filled with 
water to a point equal to a 10’ head. For 
some installations, an extension pipe may 
be temporarily installed to provide a 10’ 
head. A water hose, and test and pipe 
plugs or caps are required to perform a 
water test of a plumbing system. 


Some plumbing codes require a water service to be installed on a ledge 
above the building sewer. 
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Water tests are typically performed 
on DWV systems since it is less time- 
consuming to perform a water test than an 
air test. After pipe openings are sealed, 
water is introduced into the system 
through the highest vent opening. The 
water level must remain constant for 
15 min prior to inspection. If the water 
level is maintained, no leaks are present 
in the system. If the water level decreases, 
there are leaks in the system that must be 
repaired before approval. 

Plumbers prefer water tests since it is 
easier to locate leaking joints and defects 
in piping due to the presence of water at 
the leak or defect. However, a water test 
cannot be performed during cold weather 
conditions where the temperature may 
fall below 32°F and water may freeze in 
the pipes. 


Final Air Tests 


A final air test, also called a manometer 
test, is a test of the plumbing fixtures and 
their connections to a drainage system. The 
traps are filled, the vent stacks and building 
drain are plugged, and a manometer tube is 
inserted into a plumbing fixture (usually a 
water closet). Air is introduced to the sys- 
tem until a pressure of 1” of water column is 
reached. This pressure must be maintained 
for the period of the test. See Figure 14-5. 


SANITARY DRAINAGE 
AND VENT PIPING TESTS 


Underground sanitary drainage and vent 
piping is tested and inspected before 
it is covered with earth and backfilled. 
Aboveground piping is tested and inspect- 
ed prior to being covered with drywall or 
other wallcovering to ensure that it does 
not leak. Air or water tests are performed 
on sanitary drainage and vent piping. 


Sanitary Drainage and Vent 

Piping Air Tests 

The following steps are required to air test 

sanitary drainage and vent piping: 

l. Plug the piping at the front main 
cleanout with an inflatable rubber 
test plug. See Figure 14-6. 


Building Sewer Water Tests - 


Plug the vent openings in the roof and 
the fixture drains with the appropri- 
ate mechanical test plug, test cap, or 
inflatable test plug. See Figure 14-7. 


If the building piping is being tested 
in sections, isolate the section being 
tested with short test plugs inserted 
in the appropriate test tees. See 
Figure 14-8. 


Attach the test gauge assembly to 
the system; this is usually done at a 
lavatory or sink drain opening. See 
Figure 14-9. 


Connect the hose from the air com- 
pressor to the test gauge and force air 
into the system to 5 psi. 


Watch the gauge for a short period. If 
the pressure drops, the leak(s) must 
be found and repaired. Large leaks 
may be located by the sound of air 
escaping from the leak. Small leaks 
will have to be located by spraying 
the pipe joints with a soap solution. 


FOUNDATION 
WALL FRONT MAIN 
CLEANOUT - 
- EXTERIOR 
| GRADE 


~ BUILDING SEWER 


Manometers = 


It may be necessary to even spray 
the pipe and fittings since they are 
sometimes defective. 


Continue the test procedure until the 
system holds 5 psi of air for 15 min. 


After the pipe has been inspected, 
carefully release the air in the system 
and remove all test caps and plugs 
from the piping. 


Figure 14-5 
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Figure 14-5. A manometer is used to 
verify a 1” water column for a final air test. 


Figure 14-6 
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Figure 14-6. A test plug 
is placed at the wye be- 
neath a front main clea- 
nout when performing 
an air or water test of the 
building sewer. 


Underground sanitary 

drainage and vent piping 

is tested and inspected 

before it is covered with 
| earth and backfilled. 
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Inflatable Test Plug Installation Figure 14-7 
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Figure 14-7. Vent terminals and fixture drains must be plugged before performing 
air or water tests. 


“Figure 14-8 
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Figure 14-8. Inflatable test plugs are inserted into test tees to isolate sections of piping. 


Sanitary Drainage and Vent 3. Ifthe building piping is being tested 
Piping Water Tests in sections, isolate the section being 
tested with inflatable sealing plugs 
inserted in the appropriate test tees. 
See Figure 14-10. 


The following steps are required to water 
test sanitary drainage and vent piping: 


1. Plug the piping at the front main _ 
clean-out with an inflatable rubber 4 Tn a small building or a house, intro- 
test plug. duce water into the system through 


the unplugged roof vent opening 
until the pipe overflows. 


i) 


Plug all the vent openings in the 
roof except one, and plug the fix- ES , 
ture drains with the appropriate 5. In a multistory building, isolate 
mechanical test plug, test cap, or the building into sections of about 
inflatable test plug. five floors and fill the piping in this 
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section so that all the piping being 6. Watch the water level in the pipe for 


tested is subjected to at least a 10’ a short time. If the water level in the 
head of water. The water level must pipe drops, inspect the piping for 
be clearly visible. water leak(s) and repair them. 


7. Continue the test procedure until the 
system holds a 10° head for 15 min 
without needing to add more water. 


8. Upon completion of a water test, a 


the water must be removed from the = 

system. In homes and small buildings, The sanitary drainage 
the air is simply released from the — @”"4 vent piping is typi- 
inflatable rubber test plug placed in Ca ele tee 
the front main cleanout, allowing the 


Air Tests Saree 


sections because of the 
tremendous pressure 


A water to drain into the building sewer. produced by the water 
See Figure 14-11. In tall buildings column height if the 
where the pipe is tested in sections, entire height of the pipe 


the inflatable sealing plug is deflated 
and the water drains away. 


is filled with water. 


9. Remove all test caps and plugs from 
the piping. 


— CLEANOUT “TESMmGAUGE 
TEE ASSEMBLY 


Figure 14-9. When performing an air An air test is easier to perform than a 
test, the 5 psi reading on a test gauge 


ef SE | water test, but leaks ure harder to locate. 
assembly must be maintained for 15 min. 


Figure 14-40 
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Figure 14-10. An inflatable sealing test plug is used to isolate piping for a water test. 
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Figure 14-11 
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Figure 14-11. Test plugs must be carefully removed upon completion ofa water test. 


—_ 
Inflatable test plugs are 
used to plug stacks with- 
out the possibility of 
losing a test plug in the 


| piping. 


STORMWATER DRAINAGE 
PIPING TESTS 


Stormwater drainage piping located 
within the building, including the build- 
ing storm drain and rainwater leaders, 
is tested with an air test or water test in 
a manner similar to the sanitary drain- 
age and vent piping. Exterior rainwater 
leaders that do not connect to the storm 
sewer system are not required by plumb- 
ing codes to be tested. 


POTABLE WATER SUPPLY 
AND DISTRIBUTION 
PIPING AIR TESTS 


An air test of the potable water supply 
and distribution piping is conducted in a 
manner similar to an air test on the sanitary 
drainage and vent piping. The differences 
that exist between an air test performed 
on the potable water supply and distribu- 
tion piping and on the sanitary drainage 
and vent piping are the following: 

e The pressure at which the potable 
water supply and distribution piping is 
tested is considerably larger. Potable 
water supply and distribution piping 
are typically tested at 1⁄2 times the 
working water pressure or 150 psi, 
whichever is greater. 
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e The test duration for a potable water 
supply and distribution piping air test 
is 12 hr to 24 hr. 


e Since the pressure and duration of a 
potable water supply and distribution 
piping air test are greater than the pres- 
sure and duration of sanitary drainage 
and vent piping air tests, openings in 
the water piping are sealed with the 
appropriate pipe caps and plugs and 
by closing the valves at the water meter 
and branch piping. If the test gauge 
assembly must remain on the piping 
system overnight, the assembly is 
sealed with a pipe cap or plug and the 
ball valve handle is removed to prevent 
tampering with the test. 


Leaks in potable water supply and dis- 
tribution piping are located with a soapy 
water solution or with an ultrasonic or 
acoustic testing device. 


All piping systems including waste and 
vent, water, gas, air, and other piping 
systems must be tested and inspected 
according to the plumbing code used by 
the local jurisdiction. 


Ultrasonic Leak Detection 


Since leaks in potable water supply and 
distribution piping are usually small, they 
are difficult to locate with a soapy water 
solution. An ultrasonic leak detector is 
commonly used to locate small leaks in 
the system. An ultrasonic leak detector is 
a sensitive microphone probe and ampli- 
fier system that is used to locate leaks in 
water supply and distribution piping. See 
Figure 14-12. An ultrasonic leak detec- 
tor operates in the ultrasonic range of 
35,000 hertz (Hz) or cycles per second to 
45,000 Hz, which is the sound frequency 
generated by pressurized air as it escapes 
from pipes. The sound frequency is picked 
up by the microphone probe and converted 
into sound that can be heard by the person 
operating the leak detector. 

When using an ultrasonic leak detec- 
tor, a plumber places the headphones 
over the ears, turns on the amplifier, and 
passes the microphone probe along the 
pipe being tested. 

As the test probe approaches the leak, 
the sound generated by the leak becomes 
louder. In some cases, the amplified sound 
may be heard upon entering the room. 


Acoustic Leak Detection 


Since leaks in underground water supply 
and distribution piping are usually small, 
they are difficult to locate. An acoustic 
leak detector is commonly used to locate 
small leaks in a water supply system that 
cannot be readily accessed. An acoustic 
leak detector is a sensitive ground micro- 
phone connected to a receiving unit that is 
used to locate leaks in underground water 
supply and distribution piping. See Fig- 
ure 14-13. The sound of water escaping 
from water piping makes a whooshing or 
hissing sound. The acoustic detector picks 
up this sound by the microphone probe, 
allowing the sound to be heard by the per- 
son operating the leak detector. The leak 
is then pinpointed by determining where 
the escaping sound of water is the loudest. 
Once the leak is pinpointed, the repair can 
be initiated. 


Uitrasonic Leak Detectors 


Figure 14-12. An ultrasonic leak detector is a sensitive microphone 
probe and amplifier that is used to locate leaks in water supply and 
distribution piping. 
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Figure 14-13. Acoustic leak detectors are used to locate small leaks 
in water supply and distribution piping by detecting the sound made 
by the escaping water. 
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FINAL AIR TESTS 

A final air test is a test of the plumbing 
fixtures and their connections to the 
sanitary drainage system. A final air test 
is performed after all plumbing fixtures 
are set and their traps are filled with 
water. Fixture connections are tested by 
plugging the stack openings on the roof 
and the building drain where it leaves 
the building, and introducing air into 
the system to achieve a pressure of a 1” 
water column. The 1” water column must 
remain constant for the duration of the 
inspection—usually 15 min—without the 
introduction of additional air. 

A manometer is used to verify the 
1” water column for a final air test. A 
manometer is a clear U-shaped tube par- 
tially filled with water; it is used to mea- 
sure pressure within a closed system. 
See Figure 14-14. The procedure for 
performing a final air test is as follows: 
l. Fill all fixture and floor drain traps 

with water. 


2. Plug all roof stack openings. 


Test Plugs and Caps 
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Figure 14-14. For a final air test, a pres- 
sure difference of 1” water column must 
be maintained. 
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3. Plug the building drain at the front 
main cleanout using a test plug. 


4. Insert the manometer hose through 
a water closet trap seal and remove 
any water from the hose by blowing 
into one end. 


5. Fill the manometer with water to the 
zero inch mark on the manometer 
ruler and place the manometer on a 
stable surface. 


6. Attach the hose extending from the 
water closet to the manometer. 


7. Insert another hose through the water 
closet trap seal and blow air into the 
system until a 1” pressure difference 
is shown and maintained on the ma- 
nometer. Only a small amount of air 
is required to be introduced into the 
system to produce the required pres- 
sure difference. 


During a final air test. the piping is 
pressurized to 1” water column. See 
Figure 14-15. Since some plumbing 
fixture traps contain only a 2” water seal, 
excessive pressure may blow out the 
traps and void the final air test. During 
the duration of a final air test, large 
volumes of water cannot be added to 
the system quickly without blowing out 
fixture traps. For example, water clos- 
ets or urinals cannot be flushed since 
large volumes of water are added to 
the system during the flushing process. 


— 


Prior to a final air test, the entire system 
should be inspected. This includes check- 
ing that the pipes are properly supported 
and the fixtures are properly connected. All 
fixtures and floor drains should be sealed 
or filled with water. If the air test fails, a 
water test Should be performed to locate the 
leak, and then the final air test should be 
repeated. A pipe system that passed an air 
test would pass a water test because a water 
i molecule is larger than an air molecule. 


Final air tests should be performed 
when other tradesworkers are not work- 
ing in the building. If it is not possible 
to work alone in the building, turn off 
all flushometer valves and empty all 
water closet flush tanks during a final 
air test to prevent flushing of the fix- 
tures. If an air test is performed over the 
course of more than one day, the test 
plug in the front main cleanout opening 
must be removed. Before removing the 
plug from the front main cleanout, re- 
move plugs from roof vent openings to 
prevent siphonage of fixture trap seals. 

Although an acceptable air or water 
test of the roughed-in plumbing typically 
ensures an acceptable final air test, many 
things can affect the system between the 
times when the initial tests dnd final air 
test are performed. Careless backfilling 
and compaction, or the use of heavy 
equipment over underground piping, may 
cause broken piping and leaking pipe 
joints. Above ground piping can be bro- 
ken at the floor line by careless workers. 
Drywall screws, nails, and other fasteners 
can pierce piping within the wall cavities. 


DWV Systems . 


If the manometer does not maintain the 
1” water column, the procedure for locat- 
ing and repairing the leak(s) is as follows: 
1. Check water closet bowls for proper 

setting and connection. Verify that 
the appropriate thickness of wax ring 
was used to set the bowl or the proper 
amount of bowl-setting compound 
was used during installation. Inspect 
for internal leaks in the water closet 
bowl by listening for air being re- 
leased in the closet bowl, or by using 
a soapy water solution or odorant. 


2. Inspect all exposed fixture traps, and 
repair any that are leaking. 


3. Verify that underground piping is 
watertight by flooding the piping 
with water. Water is introduced into 
the underground piping at the stack 
cleanout farthest from the front main 
cleanout until the water level is flush 
with the cleanout opening. Observe 
the water level for 15 min to 30 min 
to see if the level drops. If the water 
level is maintained, the underground 


Figure 14-15 
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Use care when back- 
filling and compacting 
earth over underground 


ih piping. 


Figure 14-15. The DWV 
system, including all fix- 
ture traps, must be tested 
with a pressure equal to a 
1” water column. 
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Smoke or odorant tests 

are used to locate leaks 

performed when a 1” 

water column cannot be 

maintained during a final 
| air test. 
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piping is watertight. However, if the 
water level drops, a leak is present 
which must be located and repaired. 


4. To isolate a leak to a single stack, 
plug each stack cleanout with a test 
plug and apply the manometer test to 
each stack. 


5. Ifa leak cannot be easily located, 
smoke or odorant leak detection tests 
may be conducted to determine the 
leak location. 


SMOKE LEAK DETECTION 


Leaks in the sanitary drainage and 
vent piping system can also be located 
using a smoke test. A smoke test is 
performed by filling fixture traps with 
water, plugging the building drain at the 
front main cleanout, and introducing a 
thick, odorous smoke into the system. 
When smoke appears at stack openings 
in the roof, the openings are closed 
and a pressure of 1” water column is 
applied to the system and maintained 
for 15 min. 

A smoke chamber is used to intro- 
duce smoke into the piping system. A 
smoke chamber is a device constructed 
of a short section of large-diameter pipe 
and two reducer fittings into which a 
smoke cartridge is placed. See Figure 
14-16. The smoke cartridge is ignited 
and inserted into the pipe chamber, and 
the chamber is closed. Compressed 
air is applied to one end of the smoke 
chamber to distribute smoke throughout 
the piping system. Leaks are identified 
by locating smoke escaping from the 
piping. 

Since a smoke test relies on the 
smoke odor to locate leaks, care must 
be taken not to get the odor on plumb- 
ers’ clothing. Typically, one plumber 
is responsible for the smoke chamber 
and igniting the smoke cartridge and 
another plumber is responsible for en- 
tering the building to locate the leaks. 
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If possible, a smoke chamber should 
be located either outside the building 
or in aroom without plumbing fixtures. 


Smoke Chambers 
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Figure 14-16. A smoke chamber is 
constructed of a short section of large- 
diameter pipe and two reducer fittings. 
A smoke cartridge is placed inside the 
device to produce thick, odorous smoke. 


Odorant Leak Detection 


Leaks in the sanitary drainage and vent 
piping system can also be located using 
an odorant test. To perform an odorant 
test, fixture traps are filled with water 
and the building drain is plugged at the 
front main cleanout. Two ounces of oil 
of peppermint or oil of wintergreen are 
poured into each stack and the building 
drain. See Figure 14-17. The stack and 
drain openings are closed and a pressure 
of 1” water column is applied to the pip- 
ing. If leaks are present, a sweet smell 
will be detected in the area of a leak. 
When performing an odorant test, care 
must be taken to avoid spilling odorant 
on the plumber or plumber’s clothing. 
Typically, one plumber is responsible for 
introducing the odorant into the piping 
and another plumber is responsible for 
entering the building to locate the leaks. 
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Municipal workers use smoke tests to find 
illegal sanitary sewer connections. 


Odorant Testing 
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PLUMBING TEST 
PROCEDURES 


A plumbing contractor must furnish the 
equipment, material, power, and labor 
necessary for plumbing tests and inspec- 
tions. Piping must be exposed until it has 
been tested and inspected. Plumbing in- 
spectors typically require that concealed 
or covered untested piping be exposed 
prior to conducting air or water tests. 
A common procedure for performing 
plumbing tests is the following: 

1. Assemble testing apparatus. 


2. Seal all openings. 
3. Apply the test. 
4. Check for leaks. 


5. Fixdetects. 
6. Call for an inspection and test. 
7. Assist the inspector at the time of the 


inspection and test. 


8. Remove the testing apparatus upon 
completion of the test and inspection. 


Assembling Testing 
Apparatuses 

Plumbing tests involve subjecting plumb- 
ing systems to pressure. It should be 
verifed that the appropriate test plugs and 
caps and pipe plugs and caps are available 
for sealing openings within the system 
being tested. 

The proper equipment should be as- 
sembled for applying pressure to the 
plumbing system including an air com- 
pressor or hand pump for an air test, or a 
potable water supply to fill piping when 
performing a water test. In addition to a 
pressure source, the proper hose to route 
compressed air or water from the source 
to the system is required. 


m a nsi 


a 
The plumbing system tests recognized in 
a state or municipality are specified by 
local plumbing codes. Some tests may or 
may not be recognized by a municipality, 
depending on which plumbing code the 
municipality uses. 
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Figure 14-17. An odorant 
is used to locate leaks 


during a final air test. 
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A test gauge assembly and manometer 
are required for plumbing tests to ensure 
that the appropriate pressure is main- 
tained within the system. The test gauge 
and manometer should be are properly 
calibrated. 

A means of locating leaks in a plumb- 
ing system, such as a spraybottle of soapy 
water solution, is also required when 
performing air tests. A smoke chamber 
and smoke cartridge or an odorant may 
be necessary for final air tests. 


Sealing Openings 

Plumbing tests are pressure tests in which 
pressure must be contained within the 
system by sealing the openings with test 
plugs or caps and/or pipe plugs or caps. 
In a final air test, fixture traps are filled 
with water to seal the trap. 


Applying Tests 

Plumbing tests are first performed by a 
plumber without an inspector being pres- 
ent. Leaking pipe joints and defective ma- 
terials should be located and identified. 


Fixing Defects 


After locating and identifying leaking 
pipe joints and defective materials, cor- 
rective action must be taken. Leaking 
joints must be repaired; and cracked 
and defective pipe and fittings must be 
replaced. Plumbing fixtures that will not 
pass a final air test must also be removed 
and stored carefully so that they can be 
returned to the manufacturer. 
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Calling for Inspections 

and Tests 

After a plumber is satisfied that a plumb- 
ing system meets test requirements, a 
plumbing inspector should be notified 
that the work is ready for inspection. 
Plumbing inspectors typically require 
a minimum notice of one working day 
before an inspection so they can schedule 
the inspection. 


Assisting Inspectors 
During Tests 


Plumbing system tests are performed 
when the plumbing inspector arrives 
at the job site to test and inspect the 
work. Plumbing inspectors may require 
a plumber to remove a test plug or cap 
to ensure that pressure has reached all 
parts of the system under test. A plumber 
should escort a plumbing inspector 
around the job for a visual inspection of 
the work to verify that it meets plumbing 
code requirements. 


Removing Testing Apparatuses 
Upon completion of the test and inspec- 
tion, all testing apparatuses must be re- 
moved. Test plugs and caps—especially 
terminals—are removed and any water 
or air used to perform the plumbing test 
is drained from the system.Test nipples 
and pipe caps typically remain in water 
supply and sanitary drainage openings 
after testing to prevent the openings 
from being covered when finished walls 
are erected. 


REVIEW QUESTIONS 


. When should the inspection of the different parts of a plumbing system be per- 


formed? 


. Why is the drainage piping of a multistory building tested in sections? 


. List the pipes to be plugged and the equipment to be used to perform a water test 


of an entire drainage system. 


. Which system or parts of the system for stormwater drainage must be tested? 


Which parts do not need to be tested? 


Describe the test typically performed on the water supply and distribution system 
of a building before final inspection. 


. How much pressure is applied to the potable water supply and distribution system 


when performing a test* How long must the pressure be maintained? 


Describe the procedure for a final air test. 


. What should be done with pipe, fittings, and fixtures that fail in a plumbing test? 


. Why must the test plugs and caps be removed from roof vent terminals when a 


final air test is completed? 
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GuUSstomer service and 


n Plien bine System Repair 


esign and installation of plumb- 

ing systems require technical 

skills. Plumbing system service 
and repair requires a plumber to possess 
both good customer service skills and the 
ability to troubleshoot plumbing prob- 
lems and make repairs. Possessing good 
judgment is also an essential part of the 
job. When a service plumber looks at a 
problem, it is important to know whether 
it pays to repair an item rather than replace 
it. Cost is always a factor. For example, 
if a plumber spends two hours trying to 
repair an old faucet when a new faucet can 
be installed in an hour, installing a new 
faucet is the best repair. Service and repair 
skills are acquired through experience and 
increase with each job. 


CUSTOMER SERVICE 


Good customer service creates a posi- 
tive and professional relationship with 
the customer. Plumbers should project a 
good first impression and always act pro- 
fessionally. Factors such as the cost of the 
repair and the location of the plumber can 
affect whether a customer chooses one 
plumbing service over another. However, 
the choice of one plumber rather than 
another may be decided on how well the 
customer was treated in the past. 

In general, the most successful trades- 
workers are those who demonstrate 
positive attitudes in their speech and 
body language. The most basic of these 
attitudes involves simple tasks, such as 
engaging in the daily informal pleasant- 
ries that are important to creating and 
maintaining congenial relationships. 


Positive work attitudes, punctuality, 
open-mindedness, and cooperation are 
often more important than technical ex- 
pertise because these attitudes reflect the 
way individuals view themselves, their 
responsibilities, and their coworkers. 

A positive work attitude should also be 
maintained when making customer ser- 
vice calls. This attitude will be reflected 
in good work habits, such as practicing 
safety. Plumbers who have positive work 
attitudes and who know how to behave 
professionally and dress appropriately 
when servicing the customer are most 
desired by employers. Negative attitudes 
may result in performance errors that cost 
time or money, as well as lost customers. 

Since plumbers typically interact with 
customers in a One-on-one setting, good 
customer Service is essential. A success- 
ful customer service call includes using 
soft skills, maintaining good personal 
appearance, respecting the customer, and 
being prepared with the correct service 
and repair tools. 


Soft Skills 
A soft skill is a nontechnical skill in the 
area of interpersonal relations, project 
management, negotiation, or relationship 
building. These skills are critical to good 
customer service. In a competitive job 
market, soft skills are becoming an es- 
sential complement to technical expertise. 
Soft skills in customer service include 
strategies and actions for communicating 
effectively with customers. The customer 
is dependent on plumbing equipment 
functioning properly. Equipment failure 
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A photo I.D. should 
always be worn when 
working on a service 
call to ensure customers 
that the service plumber 
is a representative of the 
respective company. 
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is frustrating and at times this frustration 
may be directed at the plumber. When the 
customer is upset, the services plumber 
needs to relax, remain calm, and listen 
carefully to the customer. The service 
plumber needs to be willing to work with 
the customer to find a solution. 

The efforts of the service plumber 
should be focused on equipment prob- 
lems. The plumber should take clear notes 
and identify for the customer the specific 
steps to be taken and the time frame re- 
quired to return the equipment to service. 
If there are options, the service plumber 
should discuss them with the customer 
before deciding on a repair. 


Personal Appearance 

A service plumber should always main- 
tain a good personal appearance. Service 
plumbers work in many different loca- 
tions. Many contractors furnish uniforms 
for their employees, thus creating a 
professional image. The uniform should 
always be kept clean and neat. Arriving 
at a service call in a soiled uniform cre- 
ates an unprofessional appearance. Photo 
identification badges are commonly is- 
sued by plumbing contractors. A photo 
identification badge should always be 
worn when working on a service call. 
The service plumber should always be 
sure to greet the customer when arriving 
on a service call. 


Respect for Customers 


The customer should be treated with 
respect and in a courteous manner. A 
service plumber should always try to an- 
swer customer questions with a complete 
and courteous answer. A plumber should 
not criticize customers for attempting to 
perform repairs on their homes. 

When repairing an item, care should be 
taken not to damage the item any more than 
itis already damaged. If a service plumber 
breaks the item in need of repair and it can- 
not be properly repaired, this will become 
a problem. The plumber could lose time 
and money if the item has to be replaced. 

A service plumber should be careful 
when working in a customer’s home. 
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When carrying a toolbox into a build- 
ing, care should be taken not to scratch 
the doors or walls. If plastic pipe primer 
is required, care should be taken not to 
drip the primer. Primer is a solvent and 
causes severe damage to many flooring 
and counter surfaces. A drop cloth or 
pieces of cardboard should be used to 
cover floors to keep them free from 
dirt and damage. If the service involves 
cleaning a drain with an auger, the 
plumber should be sure to keep spray 
that flies off the cable to a minimum. 

When removing the cable, it should 
be wiped with a cloth to reduce drip- 
ping or spraying the walls and floors. 
When the service call is complete, 
the floors, walls, countertops, and 
cabinets should be cleaned of dirt and 
fingerprints. All debris. such as boxes 
and cartons. should be removed from 
the area. 


Service and Repair Tools 

Service work requires specific tools. Many 
service tools are not used in the installation 
of plumbing systems. Service tools that 
should be in a service truck along with a 
regular set of plumbing tools include the 
following: 


e faucet seat wrench 

e faucet handle puller 

e basket strainer wrench 

e water closet seat nut wrench 

e Delta" faucet wrench 

e Moen” piston-type cartridge remover 
e small- and large-size hex key sets 
e tub and shower deep-stem sockets 
e inside adjustable spud wrench 

* fine-tooth file 

e force cup (plunger) 

e hand auger 


e closet auger 


medium-size drum cable drain machine 


e gloves for drain cleaning 
e rubber gloves 


e goggles/safety glasses/full face shield 


GRAVITY-FED WATER 
CLOSET SERVICE 


Gravity-fed flush water closets are 
available in a variety of sizes and styles 
including one-piece and two-piece. Ser- 
vice calls for water closets may include 
fill valves, flappers, plugged passage- 
ways, flush valves, and resetting water 
closets. See Figure 15-1. 

Common water closet service repairs 
include water closet adjustments, repair/ 
replacement of tank parts, unplugging/ 
resetting a water closet bowl, and tighten- 
ing a loose water closet seat. 
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Without proper adjustment of gravity-fed 
water closet parts, a significant amount 
of water may be wasted. 


Water Closet Service =- 


TRIP 
FILL LEVER ee 
VALVE | 
ne 
FLAPPER—~_ |! 
b 


FLUSH VALVE 
TANK DRAIN 


© WATER 
SUPPLY 
CONNECTOR 


N- BOWL 
GASKET 


————h——————————— 


Figure 15-1. Gravity-fed water closet ser- 
vice calls may cover fill valves, flappers, 
plugged passageways, flush valves, and 
resetting water closets. 


Water Closet Adjustments 

All gravity-fed water closets have a fill 
valve, a flush valve with a flapper, and 
a tank handle. A running water closet is 
a common service call. Often, fill valve 
assemblies that use a float require peri- 
odic adjustment by bending the float rod 
downward to apply a greater amount of 
pressure on the valve to stop the water 
flow. See Figure 15-2. 

Several types of fill valves have an 
adjustment screw on the top of the valve. 
Tightening this screw adds a greater 
amount of pressure on the fill valve seat. 


Fill Valve Assemblies === 


(Figure 15-2 — =S meo 


Figure 15-2. Fill valve assemblies that 
use a float require periodic adjustment 
by bending the float rod downward. 


Repair/Replacement of Tank 
Parts 


A water closet may require repair or 
replacement of tank parts. If repairing 
or replacing parts is required, it must 
be determined which part is causing the 
problem. If the fill valve does not shut off 
completely, causing water to run down 
the overflow tube, the valve must be re- 
paired or replaced. If the fill valve can be 
repaired, a fill valve repair kit contains a 
new diaphragm that can be used to repair 
the fill valve. To repair a fill valve, apply 
the following procedure: 


1. Shut OFF the water. 


2. Check the tank float for leaks (water 
in float). 


Chapter 15—Customer Service and Plumbing System Repair 


421 


J22 


3. Replace the tank float if the float has 
water in it. 


4. Remove the screws that secure the 
top of the fill valve. 


5. Remove the top of the valve. 
6. Remove and replace the diaphragm. 
7. Replace the valve top. 
8. Tighten the screws. 
9. Turn ON the water. 
10. Adjust the water level. 


In some cases, the entire fill valve 
needs to be replaced. To replace a fill 
valve apply the following procedure: 


1. Shut OFF the water. 


2. Hold down the tank handle to drain 
most of the water from the tank. 


3. Remove any remaining water with a 
sponge. 


4. Disconnect the water supply tube. 


5. Remove the retainer nut on the bot- 
tom of the water closet tank holding 
the valve in place. 


6. Lift the valve out of the tank. 


7. Insert a new valve with a float into 
the hole in the water closet tank. 


8. Tighten the retaining nut on the bot- 
tom of the water closet tank. 


9. Tighten the water supply tube onto 
the fill valve. 


10. Turn ON the water, check for leaks. 
and adjust if required. 


If water is leaking from the tank, this 
causes the fill valve to run frequently to 
refill the tank. Water leaking through the 
tank flapper into the bowl indicates that the 
flapper requires replacement. To replace 
a flapper, apply the following procedure: 


1. Shut OFF the water. 


2. Hold down the tank handle to drain 
most of the water from the water 
closet tank. 


3. Disconnect the chain from the tank 
handle. 


4. Remove the flapper from the flush 
valve. 
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5. Install a new flapper. 

6. Adjust the chain to the proper length. 
7. Connect the chain to the handle. 

8. Turn ON the water and test flush. 


To replace a broken water closet tank 


handle, apply the following procedure: 


1. Hold the handle and remove the flap- 
per chain. 
. Remove the retainer nut inside the 


water closet tank. The retainer nut 
is loosened by turning it clockwise. 
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3. Remove the nut and slide the handle 
out of the hole in the water closet 
tank. 

4. Insert the new handle through the 
hole in the water closet tank. 


5. Tighten the handle to the water closet 
tank. Do not overtighten and crack 
the water closet tank. 


6. Attach the flapper chain and test 
flush. 


Unplugging Bowls 

A plugged bowl occurs when an object 
gets lodged in the passageway of the water 
closet. To remove the stoppage, use a force 
cup (plunger) to try to push the stoppage 
through the passageway. If this does not 
clear the stoppage, use a closet auger to 
open the passageway. See Figure 15-3. To 
open a plugged bowl with a closet auger, 
apply the following procedure: 


1. Retract the handle all the way to the 
end of the cable. 
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. Insert the end of the cable into the 
trap opening at the bottom of the 
bowl. 


3. Slowly turn the handle clockwise. 


4.Push on the handle as the cable 
moves through the trap. 


5. When the cable is all the way in, start 
to retract the cable. 


6. When the cable is all the way out of 
the trap, flush the water closet. 


7.Check the flushing action of the 
bowl. The water closet should flush 
normally. 
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Figure 15-3. A closet auger is used to 
remove a stoppage in a passageway. 


Resetting Loose Bowls 
A water closet bowl that is not mounted 


securely to the closet flange will feel loose 
and may leak at the flange. If a water closet 
is leaking from the seal at the closet flange, 
water will leak onto the floor and may 
leak through the ceiling below the water 
closet. A leaking closet flange seal may 
also occur after a water closet has been 
installed for many years. The wax ring 
used for the seal may become brittle and 
will need to be replaced with a new seal. 
See Figure 15-4. 

Both of these conditions require re- 
moving the water closet and resetting it. 
Before the water closet can be reset, the 
water closet has to be removed from the 
closet flange. To reset a bowl, apply the 
following vrocedure: 

1. Shut OFF the water. 


2.Hold down the water closet tank 
handle to remove all of the water 
from the tank. 


3. Use a force cup to plunge as much 
water as possible out of the bowl. 


4. Use a wet vacuum to remove the re- 
mainder of the water from the water 
closet bowl. 


5. Disconnect the water supply tube 
from the tank. 


6.Remove the trim caps, nuts, and 
washers from the closet bolts on each 
side of the base of the water closet. 


7. Slowly lift the water closet straight 
up, move it off to the side, and place 
on a drop cloth. 


8. Clean the old wax ring trom the bot- 
tom of the water closet and the water 
closet flange on the floor. 


9. Replace the water closet bolts in the 
slots located on each side of the water 
closet flange. 


10. Place a new wax ring or wax-free 
water closet seal on the water closet 
flange. 


11. Slowly lower the water closet straight 
down onto the wax ring or seal. 


12. Replace any shims that were used to 
level the water closet bowl. 
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Figure 15-4. A water closet must be reset if the bowl becomes loose 


or leaks. 
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13. Press the water closet down to get a 
good seal between the flange and the 
bowl. 


14. Install the washers and nuts and 
slowly tighten the nuts until snug. 
Note: Do not overtighten the nuts. 


15. Cut off the extra bolt length and 
install the trim caps. 


16. Connect the water supply and fill the 
tank with water. 


17. Flush the water closet and check for 
leaks. 


18. Caulk around the base of the water 
closet to seal out dirt and moisture. 


Tightening Loose Seats 

A loose water closet seat should be tight- 
ened as soon as possible. Water closet 
seat manufacturers use many different 
styles of seat nuts. Seat nuts are made 
of plastic, vinyl, brass, and steel. Water 
closet seats may be tightened with either 
a water closet seat wrench or a deepsocket 
wrench. The seat wrench has several dif- 
ferent sized ends to fit many brands of 
seats. Several manufacturers use a nylon 
nut that can be tightened without the use 
of tools. Other seats are fastened with 
plastic bolts that extend up into the 
hinge assembly and are tightened with 
a screwdriver. 


FLUSHOMETER VALVE 
SERVICE 


Flushometer valves must be serviced for 
a variety of reasons. Flushometer valves 
can leak from different locations. or the 
problem could be in the internal parts 
that control the flush. See Figure 15-5. If 
debris gets into the bypass port on the dia- 
phragm, the flush valve will not shut OFF 
until the debris is removed or washed out. 
To repair a flushometer valve that will not 
shut off, apply the following procedure: 
l. Remove the cap on the control stop 
to expose the shutoff valve. 


2. Turn the screw clockwise to shut OFF 
the water. 


3. Remove the cover of the flush valve. 
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4. Lift off the inside cover from the top 
of the diaphragm. 


A 


. Remove the diaphragm assembly by 
lifting it straight up and out of the 
valve body. 


6. Inspect the diaphragm assembly. If 
the rubber leaves black marks when 
touched, the rubber is starting to 
break down and should be replaced. 


. If the rubber is solid, clean the small 
bypass port located in the body of the 
diaphragm. 
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. Return the diaphragm assembly to 
the valve body and place the inside 
cover on top of the diaphragm assem- 
bly. Note: The diaphragm assembly 
can be ordered as a complete kit 
ready to drop into the flushometer 
valve. 


9. Install and tighten the valve cover. 


10. Turn ON the water and test flush the 
flushometer valve. 
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Figure 15-5. Flushometer valves can leak 
from different locations because of the 
many internal parts that the valve contains. 


Installing Handle Rebuilding Kits 

When the handle on a flushometer valve 
develops a leak, water drips from the handle 
when it is pushed to flush. The handle 


assembly contains a rubber seal that 
prevents water from leaking through the 
handle. As the rubber seal gets old and 
brittle, water seeps through the seal and a 
slow drip develops. In order to fix a leaking 
handle, a handle rebuilding kit is required. 
See Figure 15-6. The kit contains a rubber 
seal and other parts that are contained in the 
handle. To install the handle rebuilding kit, 


apply the following procedure: 


1. Shut OFF the water to the flushom- 
eter valve. 


2. Loosen the nut that holds the handle 
onto the body of the flushometer 
valve. Drain the water from inside 
the valve. 


3.Remove the complete handle 
assembly. ° 


4. Hold the assembly and, with a pair 
of pliers, grip the hex-shaped nut on 
the nylon handle seal assembly. 


5. Unscrew the seal assembly and re- 
place with a new assembly. 


6. Slide the new seal into the valve and 
tighten the nut. 


7. Turn ON the water and flush. Check 
the valve for leaks. 


Replacing Vacuum Breakers 
When a vacuum breaker leaks, water 
runs down the vacuum breaker tube 
when the fixture is flushed. To replace 
the vacuum breaker, apply the following 
procedure: 


1. Shut OFF the water to the flushom- 
eter valve. 


NO 


. Loosen the nut on the top of the 
vacuum breaker tube below the flush 
valve. 


3. Loosen the nut between the flush 
valve and the water supply angle 
valve. 


4. Grasp the flush valve and turn it to 
allow access to the vacuum breaker. 


5. Insert anew vacuum breaker into the 
tube with a new gasket. 


6. Move the flushometer valve back into 
its original position. 


7. Tighten all the connection nuts. 


8. Turn ON the water and check the 
valve for leaks. 


Battery Replacement of 
Electronic Valves 


Electronic flushometer valves operate 
by either AC current (hard wired) or DC 
current (batteries). If a battery-operated 
flushometer valve does not flush, the bat- 
teries should be checked first. To check 
and replace batteries, apply the following 
procedure: 


1. Shut OFF the water. 


2. Remove the chrome retainer ring 
using a strap wrench. 

3. Remove the cap from the flushometer 
valve. This allows access to the com- 
partment that contains the batteries. 
The battery compartment is in the 
rear of the electronics. 


4. Replace the new batteries, cover the 
flushometer valve, and tighten the 
retainer ring. 


5. Turn ON the water and test flush the 
flushometer valve. 


FAUCET SERVICE 


Leaking faucets are a common plumb- 
ing problem. Faucets are manufactured 
in either compression-type or cartridge- 
type. Compression-type valves are 
made with stems and are built using 
seats and washers to control the water 
flow. Compression-type valves are only 
available with two-handle faucet mod- 
els. Cartridge-type valves are made with 
a sealed one-piece cartridge that cannot 
be taken apart to be repaired. 
Cartndge-type valves are available in 
single- or two-handle faucet models. The 
cartridges can be made of brass, control 
water by using a piston cartridge or a ball 
to direct the flow of water through ports in 
the cartridge or ball. Faucet repairs may be 
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Flushometer Valve Parts — 


required on lavatory, kitchen sink, bathtub, 
and shower faucets. 


Compression Faucets 


Compression faucets control the flow of 
water by the use of a rubber washer press- 
ing down on a brass seat. See Figure 15-7. 
When compression faucets leak, the washer 


located on the bottom of the faucet stem and 
the brass seat should be inspected. The brass 
seat should be checked for wear and nicks 
on the face of the seat. If the faucet has a 
continuous drip, check the water tempera- 
ture of the drip. The water temperature (hot 
or cold) indicates the side of the faucet that 
needs repair. 


Figure 15-6 
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Figure 15-6. A flushometer valve parts diagram contains all of the components that make up the valve. 
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Compression Faucets 


HANDLE a STEM 


NUT 


BASE 


DIRECTION OF FLow- “= 


= 
Figure 15-7. Compression faucets 
control the flow of water by the use of 
a rubber washer pressing down on a 
brass seat. 


To repair a compression faucet, apply the 
following procedure: 
1. Shut OFF the water. Open the faucet 
to relieve the pressure. 


I9 


. Remove the trim cap covering the 
screw that holds the handle to the 
stem. 


3. Remove the screw and handle. If the 
handle will not come off, use a faucet 
handle puller. See Figure 15-8. 


4. Unscrew the bonnet until the nut is 
no longer attached to the faucet. 


5. Unscrew the stem from the body of 
the faucet. 


6. Examine the washer for excessive 
wear and deterioration. Replace the 
washer if needed. To replace the 
washer, remove the screw on the bot- 
tom of the stem that holds the washer 
in place. 


7. Replace the old washer with a new 
washer and install and tighten the 
screw. 


8. Examine the faucet seat for exces- 
sive wear and nicks. If the seat needs 
repair, use a valve seat wrench to 
unscrew the seat. See Figure 15-9. 


9. Install a new seat, if needed. If a 
new seat is not available, place the 
seat face down on a fine-tooth file. 
See Figure 15-10. Slowly move the 
seat back and forth until the nick is 
removed from the face of the seat. 


10. Reinstall the seat in the faucet body. 
11. Reinstall the stem with a new washer. 


12. Tighten the bonnet nut and install the 
handle. Turn ON the water and check 
for leaks. 


Faucet Handle Puller ———— Figure 15-8. A faucet 


handle. 
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Figure 158 ! 


Faucet Seat Wrenches 
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Figure 15-9 


Figure 15-9. A valve seat wrench is used 
to unscrew the faucet seat. 
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Fine Tooth Files 
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Figure 15-10. A fine file can be used to re- 
move nicks from the face of a faucet seat. 


Several other parts may require service 
on a compression faucet. If the faucet 
leaks where the stem comes through the 
bonnet, the packing located under the bonnet 
should be replaced. New packing should 
be available tor the faucet. In addition, 
the O-ring located in the stem under the 
packing nut should also be replaced. If the 
faucet does not have a sufficient amount 
of water pressure, check the aerator to be 
sure that it is not plugged with debris. 

If the compression faucet supplies a tub 
or shower, shower valve socket wrenches 


may be needed to remove the stem nuts if 


the nuts are behind the wall surtace. See 
Figure 15-11. 


ee 


Customer service includes cleaning up after completing a job. 
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Figure 15-11 SÁ 


Figure 15-11. Shower valve wrenches 
may be needed to remove faucet stem 
nuts that are behind a wall surface. 


Sn 


ee 
The single-handle faucet was first manu- 
factured in 1947 and was soon used in 
| many homes. 


Single-Handle Piston-Type 
Cartridge Faucets 

When single-handle piston-type cartridge 
(Moen) faucets drip from the spout, 
there is a problem with the cartridge. See 
Figure 15-12. This problem is fixed by 
replacing the cartridge. Cartridges are 
made as a sealed unit and should not be 
taken apart to be repaired. To replace a 
single-handle piston-type faucet cartridge, 
apply the following procedure: 


1. Shut OFF the water and open the 
faucet to relieve the pressure. 


i) 


. Remove the screw that holds the 
handle on. Note: The screw may be 


under a trim cap. 
3. Remove the handle and retainer clip 
from the retaining sleeve. 


Figure 15-12. Single- 


Figure 15-12 j 
handle piston-type car- 
eS 
tridge faucets contain 


sealed cartridges that 
must be replaced and not 
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4. Grip the piston cartridge with pliers Single-Handle Ball Faucets 
or a cartridge removal tool and slide — sjneje-handle ball (Delta®) faucets can 
the cartridge out of the faucet. See jaye several different service problems. 
JEL RNS) If the faucet drips from the spout, the 
5. Insert a new cartridge into the faucet problem is with the ball and seats. See 
and replace the cartridge retainer Figure 15-14. This problem is fixed by 
sleeve and reinstall the retainer clip. rebuilding the faucet with new parts. To 


6.Replace the handle, turn ON the rebuild a single-handle ball faucet, apply 


water. and check for leaks. the following procedure: 
7. If the hot and cold water is reversed, 1. Shut OFF the water and open the 
remove the handle and rotate the ` faucet to relieve the pressure. 


cartridge 180°. 


N 


. Remove or loosen the screw at the 
top of the handle with a ball faucet 
wrench and remove the handle. See 


Figure 15-13. A piston Piston Cartridge Figure 15-15. 

cartridge can be removed Removal Tool auian 

with a piston cartridge = i 3. Unscrew the cap and grasp the stem 
removal tool. a attached to the ball assembly. 

THREADED 

SCREW 


4, Pull the internal assembly (ball, cam 
housing, and cam rubber) straight out 
—HANDLE of the faucet. 


5. Remove the rubber seats and springs. 
6. Install new seats and springs. 


7. 3Jnstall a new ball, cam housing, and 
cam rubber. Note: Be sure to align 
the ball on the peg. 


8.Screw on the cap and secure the 
handle. 


9. Turn ON the water and check for 
leaks. 


A variety of problems may be encoun- 


tered when a plumber services plumbing 
systems. It is important for the service 
plumber to troubleshoot the problem and 
resolve it as quickly and as effectively as 
possible, The service plumber should 
troubleshoot the plumbing system from 
the most common and easiest problems 
to repair, and then move on to the least 
common and more tedious problems 


Moen, Inc fo repair. 
New faucets may be used to replace old faucets that do not work properly. 
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Single-Handle Ball Faucets - 
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Figure 15-14 


Figure 15-14. Single- 
handle ball faucets may 
require new seats and 
springs if the faucet drips. 
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Figure 15-15. A ball fau- 
cet wrench is used on a 
single- handle ball faucet. 
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Single-Handle Ceramic Disc- 
Type Cartridge Faucets 


If there is dripping from the faucet 
spout, the problem is with the ceramic 
disc cartridge. This problem is fixed by 
replacing the ceramic disc cartridge. 
See Figure 15-16. The cartridges are 
made as a Sealed unit and should not be 
disassembled to be repaired. To replace a 
single-handle faucet with a ceramic disc 
cartridge, apply the following procedure: 


l. Shut OFF the water and open the 
faucet to relieve the pressure. 


2. Remove the set screw that holds the 
handle on. 


3. Remove the handle and trim cap. 


4. Remove the bolts that hold the car- 
tridge to the faucet body. Grip the 
cartridge stem and pull up. Remove 
the cartridge from the faucet. 


5. Replace the rubber seats that the 
cartridge sits on. 


6. Insert a new cartridge into the faucet. 
Replace the bolts and tighten the 
cartridge in place. 


7.Replace the trim cap and handle. 
Turn ON the water and check for 
leaks. 


Two-Handle Cartridge Faucets 


Two-handle cartridge faucets control 
the water through cartridges located 
on the hot and cold sides of the faucet. 
See Figure 15-17. The cartridges are 
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designed to act like a gate. When the han- 
dle is opened and closed, the gate opens 
and closes a port within the cartridge. 

If the faucet has a continuous drip, the 
temperature (hot or cold) of the dripping 
water should be checked to determine 
which side of the faucet is in need of 
repair. To repair a two-handle cartridge 
faucet, apply the following procedure: 


l. Shut OFF the water and open the 
faucet to relieve the pressure. 


m 


. Remove the plug button that covers 
the screw that holds the handle to the 
cartridge. 

3. Remove the screw and handle. If 

the handle does not come off, use a 


faucet handle puller to remove the 
handle. 


4. Unscrew the cartridge nut until it is 
no longer attached to the faucet and 
remove. 


5. Remove the cartridge by pulling it 
straight up and out of the faucet body. 


6. Examine the rubber seat under the 
cartridge that the base of the car- 
tridge seals against. 


7. Replace the rubber seat if the seat 
shows signs of deterioration or 
damage. 


8. Install a new cartridge. 


9. Tighten the cartridge nut and install 
the handle. Turn ON the water and 
check for leaks. 


LAVATORY SERVICE 


Lavatory service calls can be for one of 
many possible problems, from replacing 
a faucet to repairing a leak. Common ser- 
vice tasks are repairing a dripping faucet. 
unplugging a lavatory drain, replacing a 
leaking P-trap on a drain, or cleaning a 
stopper on a pop-up drain. Installing a new 
lavatory faucet is also considered a service 
call; homeowners periodically want to 
update faucets to reflect newer styles. 
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Figure 15-16 


HANDLE pema 
f a SCREW 


METAL HANDLE ~.~ 


TRIM CAP - 


-— RETAINER NUT 


CERAMIC-DISC 
CARTRIDGE ~~ 


Ss i 
O-RING TE D 


( 


DIVERTER~._-A 
K) =] 
v cue- O 


— WASHER 


ESCUTCHEON 


ASSEMBLY —~ 
GASKET 
E 
S 
MOUNTING ü 
HARDWARE ~ [L 
O 


Ra, 


Gerber Plumbing Fixtures LLC 


Figure 15-16. A single-handle ceramic disc-type cartridge faucet contains a sealed 
ceramic cartridge that cannot be repaired and must be replaced. 
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handle cartridge faucet is used to find 
replacement parts. 


Installing New Faucets 


Lavatories are manufactured in many dif- 
ferent styles and materials. Faucets used 
on lavatories are available in 4” centers and 
8” centers. New lavatory faucets are pack- 
aged with the faucet and drain assembly. 

To install a new lavatory faucet, apply 
the following procedure: 


|. Turn OFF the water to the lavatory. 


2. Open the faucet and drain to relieve 
the pressure. 


3. Disconnect the nuts that connect the 
water supply tubes. 


4.Loosen and remove the nuts that 
secure the faucet to the sink. 


5. Remove the old faucet and clean the 
sink of old putty or caulk. 


6. Disconnect the trap bend from the 
tailpiece and remove. Dump the 
water from the trap in a bucket. 
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7. Unscrew the nut that holds the pop- 
up drain assembly in the sink. 


8. Push the drain assembly up in the 
sink. Unscrew and remove the 
chrome drain flange that mounts the 
drain to the inside of the sink. 


9. Remove the drain assembly and clean 
off the old putty or caulk. 


10. Install the new faucet and check for 
leaks. Note: Always follow the man- 
ufacturer’s instructions for installing 
the faucet and drain assembly. 


Cleaning Pop-Up Drains 

If-a pop-up drain assembly does not 
hold water, the bottom edge of the 
stopper should be checked. A buildup 
of calcium may be preventing the edge 
of the stopper from forming a tight seal 
against the drain body. See Figure 15-18. 
Cleaning the pop-up drain solves this 
problem. The drain lever ball assembly 
should also be checked to ensure that 
it is aligned so that the drain is moving 
straight up and down. 
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Figure 15-18. A pop-up drain assembly 
parts diagram is used to find replace- 
ment parts. 


Tightening a Pop-Up Drain 
Leaks on pop-up drain assemblies can 
develop at several locations. A leak can 
develop at the packing nut where the op- 
erating rod enters the pop-up drain. If the 
drain leaks from the packing nut, the nut 
should be tightened until the leak stops. 
However, the nut should not be overtight- 
ened because the operating rod will be 
difficult to operate. 


Repairing a Trap 

Fixture traps that are made of brass develop 
leaks as the brass ages. Leaks may develop 
in the trap due to the deterioration of the 
brass. If the trap is in good condition and 
does not show signs of corrosion, the slip 
joint nuts should be checked to see if they 
are tight. If the nuts are loose, they should be 
tightened to stop the leak. See Figure 15-19. 
If the trap has a hole in it that is causing the 
leak, the trap should be replaced. The trap 
can be replaced with another chrome-plated 
brass or tubular plastic trap. To change a 
trap, apply the following procedure: 


1. Loosen and remove the nuts on both 
sides of the trap bend. 


i) 


. Slide the trap bend off of the tailpiece 
and dump the water from the bend 
into a bucket. 


3. Loosen and remove the nut holding 
the trap arm to the trap adapter at the 
wall. 


4. Slide the trap arm out of the trap 
adapter. 


5. Install a new replacement trap and 
check for leaks. 


—— | 


After a trap has been removed from a 
plugged drain, sewer gas may enter 
the area since there is no longer a trap 
seal to protect against the gas. A shop 
towel should be placed in the discharge 
opening to prevent the sewer gas from 
escaping. A towel large enough should 
be used that will completely plug the 


opening without falling into it. 
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Figure 15-19. A P-trap should be checked 
for leaks at the bottom of the bend. 


Unplugging Drains 

A plugged drain on a lavatory requires 
access to the drain. The trap is the best ac- 
cess point to the drain. To access a plugged 
drain, apply the following procedure: 


1. Remove the trap bend. 


2. Dump the water from the trap into a 
bucket. 


3. Remove the trap arm to allow direct 
access to the drain. 


4. Use a hand auger to clear the stop- 
page. 


5. Reinstall the trap and flush the drain 
with hot water. 


Faucet Leaks around 
Deck Mounting 


Lavatory faucets are installed with a 
base gasket supplied by the manufac- 
turer that is installed under the faucet 
to keep water from seeping through 
ihe mounting holes. The faucet could 
also be installed with putty or caulk. 
If water is leaking through the fau- 
cet base, new putty or caulk should 
be applied under the faucet to seal the 
base and prevent additional leakage. 


KITCHEN SINK SERVICE 


Kitchen sink service calls cover a variety 
of different items. Because kitchen sinks 
may have many different components, 
troubleshooting these components is 
important when repairing or replacing 
the fixtures. 
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Many sinks have food waste disposers, 
faucets with sprayers, continuous wastes, 
traps, and more. Typical sink service calls 
include installing new faucets, repairing 
basket strainers, replacing continuous 
waste pipe, replacing traps, unplugging 
drains, fixing faucet leaks around deck 
mounting, and troubleshooting food 
waste disposers. 


Installing New Faucets 
When a kitchen sink faucet cannot be 
repaired, replacing it with a new faucet 
is necessary. Kitchen sink faucets are 
manufactured in many different styles 
and materials. Kitchen sink faucets are 
available to fit 3-hole and 4-hole sinks. To 
install a new kitchen sink faucet, apply the 
following procedure: 

1. Turn OFF the water to the kitchen 

faucet. 


t9 


“Open the faucet to relieve the 
pressure, 


3. Disconnect the nuts that connect the 
water supply tubes. 


4. Loosen and remove the nuts that 
secure the faucet to the sink. 


5. Remove the old faucet and clean the 
sink of old putty or caulk. 


6. Install a new faucet with the base 
gasket supplied by the manufacturer. 


7. Tighten the faucet nuts that secure 
the faucet to the sink. 


8. Install the water supply tubes. Turn 
ON the water supply and check for 
leaks. 


The typical life span of a faucet is 
15 yr to 20 yr. Many factors affect the 
life span of a faucet such as its quality 
of production and installation as well as 
its level of use. A working faucet may be 
replaced in certain circumstances such 
as when a room ts remodeled and the 
faucet style is no longer desired. 


— — 
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Repairing Basket Strainers 
Basket strainers can leak either through 
the basket or around the strainer body and 
drip into the sink cabinet. If the strainer 
does not hold water, the sealing surface 
of the strainer where the basket meets the 
strainer body should be checked. The two 
surfaces need to be clean and smooth to 
hold water. See Figure 15-20. If the leak 
is coming from around the strainer where 
itis mounted to the sink, the strainer needs 
to be removed and reset. The strainer 1s 
set in plumber’s putty under the strainer 
flange where it meets with the sink. The 
underside of the strainer has a large nut 
and a gasket that holds the strainer in the 
sink. To repair a leaking strainer, apply 
the following procedure: 

1. Remove the nut and gasket. Slide the 

basket body out of the sink. 


tN 


. Remove the old putty from the flange 
and replace with new putty. 


3. Set the strainer in the sink. Replace 
the gasket and nut and tighten the 
nut. 


4. Fill the sink with water and check for 
leaks. 
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Figure 15-20. Basket strainer seals must 
be clean in order to form a good seal with 
the strainer body. 


Replacing Continuous 
Waste Pipe 


When checking for leaks on continuous 
waste pipe, all the slip joint connections 
must be tight. If the continuous waste 
pipe is chrome-plated brass, the plumber 
should check for corrosion holes in the 
bottom of the horizontal pipe that con- 
nects the two bowls of the sink together. 
See Figure 15-21. If the continuous 
waste pipe needs to be replaced, apply 
the following procedure: 


1. Loosen and remove the nuts on both 
sides of the trap bend. 


2. Slide the trap bend off of the tailpiece 
of the continuous waste pipe. 


3. Dump the water out of the bend into 
a bucket. 
4. Loosen and remove the nuts on both 


bowls of the sink that hold the con- 
tinuous waste pipe to the sink. 


5. Remove the continuous waste pipe 
from the sink and install a new brass 
or tubular plastic continuous waste 


pipe. 
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Figure 15-21. A continuous waste pipe 
should be checked periodically for leaks. 


Replacing Traps 

Kitchen sink fixture traps that are made 
of brass develop leaks as the brass ages. 
The corrosion of brass causes the trap 
to leak. If the trap is in good condition 
and does not show signs of corrosion but 
leaks, the plumber should check the slip 
joint nuts to see if they are tight. 

If the nuts are loose, they should be 
tightened to see if the leak stops. If the 
trap has a hole in it causing the leak, re- 
placing the trap is the best way to repair 
this leak. The trap can be replaced with 
another chrome-plated brass or tubular 
plastic trap. To change a trap, apply the 
following procedure: 


|. Loosen and remove the nuts on both 
sides of the trap bend. 


2. Slide the bend off of the tailpiece of 
the sink or continuous waste pipe. 


3. Dump the water out of the trap bend 
and into a bucket. 


4. Loosen and remove the nut holding 
the trap arm to the trap adapter at the 
wall. 


5.Slide the trap arm out of the trap 
adapter. 


6. Install the new replacement trap and 
check for leaks. 


Unplugging Drains 

A plugged kitchen sink drain requires ac- 
cess to the drain. The trap is the best access 
point. The drain on a kitchen sink has a trap 
connected to a continuous waste pipe, or a 
trap connected to each sink bowl and con- 
nected to a wye fitting. To unplug a plugged 
drain, apply the following procedure: 


1. Remove the trap bend. 


2. Dump the water from the trap into a 
bucket. 


3. Remove the trap arm to allow direct 
access to the drain. 


4. Use a hand auger to clear the stoppage. 


5. Reinstall the trap and flush the drain 
with hot water. 
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Previous attempts to 
unplug a drain may 
have included the use 
of chemicals. 
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Faucet Leaks around 

Deck Mounting 

Kitchen sink faucets are installed with a 
base gasket supplied by the manufacturer 
that is used under the faucet to keep water 
from seeping through the mounting holes 
under the faucet. The faucet could also be 
installed with putty or caulk. If water is leak- 
ing through the faucet base, additional putty 
or caulk should be applied under the faucet 
to seal the base of the faucet. 


Troubleshooting Food 
Waste Disposers 


Food waste disposers can develop leaks 
as the internal metal parts corrode from 
age and use. The drain outlet is a com- 
mon area for a leak to develop. When 
the internal metal parts wear out, the 
disposer must be replaced. However. 
a disposer may become plugged if the 
volume of material that was sent through 
the disposer was more than the unit was 
designed to accommodate. If the con- 
tinuous waste pipe leaving the disposer 
is plugged, it needs to be cleaned for the 
disposer to operate correctly. To trouble- 
shoot a food waste disposer, apply the 
following procedure: 

l1. Turn the power switch to the food 

waste disposer OFF. 


2. Disconnect both ends of the waste 
arm leaving the disposer and clear 
the stoppage. See Figure 15-22. 


3.1f the disposer is jammed, check 
the bottom of the disposer for a 
manual grind fitting (a hex opening). 
The opening is for the hex wrench 
supplied by the manufacturer for 
dislodging material that jams the 
disposer. If the disposer is not 
equipped with the manual grind fit- 
ting, another alternative is to use a 
disposer wrench or a wooden broom 
handle to dislodge the material. See 
Figure 15-23. 


4.Use the hex wrench to turn the 
manual grind fitting or insert the 
disposer tool into the disposer and 
use it to move the blade to dislodge 
the jam. 
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5. When finished dislodging the jam, 
turn ON the power switch and test 
the disposer. The disposer should 
operate normally. 


Clearing Stoppages 
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Figure 15-22. The waste arm leaving 
the disposer should be removed to clear 
a stoppage. 


Food Waste Disposer 
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Figure 15-23. A food waste disposer may 
have a manual grind fitting for when the 
disposer becomes jammed. 


BATHTUB SERVICE 


Bathtubs vary in size and shape and 
are made in many colors. Service calls 
for bathtubs can be for faucet replace- 
ment, repairing drains, repairing waste 
shoes, repairing waste and overflow 
assemblies, replacing traps, unplugging 
drains, adjusting drain mechanisms, 
repairing faucet spouts (diverters), and 
troubleshooting wall leaks. 


Faucet Replacement 


Replacing a worn bathtub faucet is 
accomplished by removing the access 
panel behind the bathtub. Many bath- 
tubs include a shower. 

New bathtub faucets supply a shower- 
head and arm if ordered as a tub and shower 
combination. If the existing faucet can be 
replaced with a model that is similar in 
design, the installation is easier to perform. 
To replace a bathtub faucet, apply the 
following procedure: 


1. Shut OFF the water and open the 
faucet to relieve the pressure. 


2. Remove the spout, showerhead, 
handles. escutcheons, and trim. 


3. Disconnect the water supply piping. 


4. Remove the spout and pipe from the 
faucet body to the spout. 


5. Disconnect the water supply pipe 
connected to the showerhead. 


6. Mount a new faucet and connect the 
water supply piping. 

7.Connect the showerhead water sup- 
ply piping. 

8. Install pipe to supply the spout. 


9. Install the spout, showerhead, han- 
dies, escutcheons, and trim. 


10. Turn ON the water and check for 
leaks. 


_ 


The designs available for bathtubs in- 
clude recessed, freestanding, and drop-in 


designs. 


Repairing Drains 

If the bathtub waste and overflow drain 
assembly does not hold water, check the 
bottom edge of the stopper assembly. 
Check for a build up of calcium that 
could cause the edge of the stopper to 
not seal tightly against the drain body. 
Cleaning the stopper solves the problem. 
Also, check the waste and overflow 
linkage assembly. Make sure that the 
linkage is adjusted to the correct length 
so the stopper is moving up and down 
correctly. Check to see if the stopper is 
seated flat on the drain body. 


Repairing Waste Shoes 
Bathtub waste and overflow assemblies 
have a fitting (waste shoe) that mounts 
under the drain plug. If the waste shoe 
leaks into the area below the bathtub, 
the waste shoe could be loose or could 
have lost its ability to form a watertight 
connection with the bathtub. A chrome 
drain flange mounts in the bottom of the 
bathtub and screws into the waste shoe. 
The chrome drain flange is set in putty 
or caulk and has a gasket that mounts 
between the bottom of the bathtub and 
waste shoe. If the leak comes from 
around the point where the waste shoe 
is mounted in the bathtub. the waste 
shoe needs to be removed and reset. To 
repair a leaking waste shoe, apply the 
following procedure: 
l. Unscrew and remove the chrome 
flange that is screwed into the waste 
shoe from the inside of the bathtub. 


N 


. Remove the old putty or caulk from 
the chrome flange. 


3. Replace the old putty with new putty 
or caulk. 


4. Check and clean the gasket. 


5. Set the chrome flange in the bathtub 
and screw the chrome flange into the 
waste shoe. 

6. Fill the bathtub with water and check 
for leaks. 
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Repairing Waste and 
Overflow Assemblies 


A number of slip joint connections ex- 
ist on the waste and overflow assembly 
that can be loose and cause a leak. If 
water drips into the space under the 
bathtub, the plumber should check all 
slip joint connections for leaks. Also, 
there is a foam gasket behind the over- 
flow assembly that forms a watertight 
seal against the bathtub. The foam 
gasket should be checked for proper 
alignment against the bathtub surface. 


Replacing Traps 
Leaks on a bathtub fixture trap are often 
detected after damage has been done to a 
ceiling below the bathtub. Plumbing codes 
require access panels behind bathtubs that 
allow access to the trap, waste, and over- 
flow assemblies. Corrosion of brass may 
cause the trap to leak. If the trap 1s in good 
condition and does not show signs of cor- 
rosion but still leaks, the plumber should 
make sure that the slip joint nuts are tight. 
If the nuts are loose, the plumber should 
tighten them to see if the leak stops. If 
the trap has a hole that is causing a leak. 
the trap should be replaced. The trap can 
be replaced with another chrome-plated 
brass or tubular plastic trap. To replace 
a trap, apply the following procedure: 

1. Loosen and remove the nuts on both 

sides of the trap bend. 


2. Slide the trap bend off of the tailpiece 
of the bathtub waste pipe. 


3. Dump the water out of trap bend and 
into a bucket. 


4. Loosen and remove the nut holding 
the trap arm to the trap adapter. 


5. Slide the trap arm out of the trap 
adapter. 


6. Install a new replacement trap and 
check for leaks. 


Waste and overflow assemblies are 
available with or without trip levers and 


Walerstops. 
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Unplugging Drains 

Bathtub drain assemblies have different 
styles. Many are made with trip levers or 
lift-and-turn plugs. Trip lever drains are 
prone to plug because of the linkage that 
connects the lever handle to the mecha- 
nism that raises and lowers the plug in the 
tub. The trip lever linkage has a spring at 
the base. which can collect hair and cause 
the drain to become stopped. Remov- 
ing the trip lever assembly through the 
overflow assembly of the bathtub allows 
access to clean the spring. Drains con- 
nected to lift-and-turn bathtub drains can 
be cleaned through the drain’s cleanout. 
Removing the overflow cover allows 
direct access into the drain with a hand 
auger. See Figure 15-24. 
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Figure 15-24. Removing the overflow 
cover allows direct access into the drain 
with a hand auger. 


Adjusting Drain Mechanisms 


Bathtub waste and overflow assemblies 
are usually trip lever assemblies or lift 
and turn plug assemblies. Trip lever waste 
assemblies use a linkage to connect the 
lever handle to the lifting mechanism that 


raises and lowers the plug in the bathtub. 
The trip lever linkage has a spring at the 
base. If the mechanism is not working, 
the plumber should remove the screws 
holding the trip lever in the overflow as- 
sembly. The plumber should then slide 
the linkage assembly out and inspect it 
for broken parts. The linkage may need to 
be adjusted so that the plug in the waste 
shoe moves correctly. See Figure 15-25. 


Trip Lever Bathtub Waste 
and Overflow Assemblies = 


— CONTROL HANDLE 


| 7— LIFTING 
| J“ MECHANISM 


| | -LIFT SPRING 


/- CHECK FOR 
/ STOPPAGE 
STORRER 
vA 
ge hi 2 H 
Seat 
WRI 
LEVER WASTE 
SHOE 
Figure 15-25 — 


Figure 15-25. The drain mechanism 
contains linkages that can break or col- 
lect material that may clog the drain. 


Repairing Faucet 
Spouts (Diverters) 


Bathtub faucets can be used to fill a 
bathtub or to operate a tub and shower 
combination. Tub and shower faucets 
need a diverter to direct water to the 
shower head. Diverters can be built 
into the body of the faucet or located 
in the spout of the bathtub filler. Spout 
diverters act like a gate to close off the 
flow of water through the spout. See Fig- 
ure 15-26. As a spout diverter wears. 


the diverter starts to leak water through 
the gate and not divert all of the water 
to the shower head. Replacing the spout 
is the only way to repair this problem. 

When the diverter is built into the 
body of the faucet, the diverter needs to 
be removed. Cleaning the diverter might 
solve the problem if the diverter is cor- 
roded. To remove a diverter, apply the 
following procedure: 


l. Shut OFF the water and open the 
faucet to relieve the pressure. 


N 


. Remove the handle and faceplate or 
trim. 


3. Remove the retaining nut that holds 
the diverter in the faucet body. 


4. Remove the diverter and clean or 
replace as needed. 


5. Reassemble the faucet. 


6. Turn ON the water and check the 
diverter for correct operation. 
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Figure 15-26. Spout diverters close off 
the flow of water through the spout and 
redirect water flow to the shower head. 


— 
Bathtubs typically hold 50 gal. to 80 gal. 
of water, which weighs approximately 
415 lb to 670 lb. Whirlpool bathtubs hold 
140 gal. or more, depending on its size. 


= 


Chapter 15—Customer Service and Plumbing System Repair 


The appropriate type of 
caulk should be used for 


each repair application. 
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Troubleshooting Wall Leaks 


The installation of faucets in bathtubs 
can cause leaks in the wall surrounding 
the bathtub. To install a bathtub faucet, 
holes are drilled through the wall cover- 
ing on the bathtub side, where the faucet 
handles and spout are attached to the 
water supply pipe that is inside the wall. 
If the wall behind the bathtub or the floor 
below is wet, the plumber should check to 
see if water is coming through the holes 
for the faucet. To repair leaking behind 
the escutcheons (trim), the handles and 
escutcheons should be removed and 
caulking should be installed behind the 
escutcheons to form a watertight seal. 
Wall leaks can also occur where the 
bathtub flange (on the edge of the tub) 
meets the tile wall. The seam should be 
sealed with caulk to prevent damage to 
the wall behind the tile. 


SHOWER REPAIRS 

Showers are available in a variety of 
shapes and sizes. but they all have faucets 
and drains, which may require repair. 
Typical repairs made to showers include 
replacing faucets, replacing drains, 
unplugging drains, replacing thermo- 
static faucet cartridges, and repairing 
wall leaks. 


Replacing Faucets 

Replacing a defective shower faucet is 
more difficult than replacing a bathtub 
faucet because most showers do not have 
an access panel behind them. In order to 
replace a shower faucet, a hole must be 
cut in the wall behind the shower faucet 
for access since many showers don’t have 
access panels. If the existing faucet is 
replaced with a model that is similar in 
design, the installation is easier to per- 
form. To replace a shower faucet, apply 
the following procedure: 


l. Shut OFF the water and open the 
faucet to relieve pressure. 


2. Remove the showerhead, handles. 
escutcheons, and trim. 


3. Remove the access panel or cut a hole 
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in the wall behind the shower to gain 
access to the shower valves. 


4. Disconnect the water supply pipe. 


5. Disconnect the water supply pipe 
going to the showerhead. 


6. Remove the old faucet. 


7. Mount a new faucet and connect the 
water supply pipe. 

8. Connect the showerhead water sup- 
ply pipe. 

9. Install the showerhead, handles, 
escutcheons, and trim. 


10. Turn ON the water and check for 
leaks. 


Troubleshooting Drains 


Shower drain assemblies installed in 
fiberglass shower stalls can leak, espe- 
cially if the shower base is not installed 
over a stable surface. Shower drains are 
secured to the shower base by a large nut 
with a gasket that forms a watertight seal. 
Repairing a leak on the drain assembly 
requires disconnecting the assembly from 
the drainpipe and removing it from the 
base. All old putty or caulk should be 
removed. The drain assembly should 
be reinstalled with new putty or caulk 
and tightened. The drainpipe should be 
connected and the plumber should check 
for leaks. If caulk was used to reset the 
drain, the caulk needs time to dry before 
the leaks are tested. 


Unplugging Drains 

Plugged shower drains are caused by a 
build up of soap, hair, and other debris 
that accumulates on the inside walls of 
the drainpipe. To clean a plugged or 
slow shower drain, the plumber should 
remove the strainer to gain access to the 
drain. The plumber should insert a hand 
auger in the drain opening and turn the 
auger to clean the trap and drain. When 
the stoppage is removed, the water flow 
should be checked by flushing the drain 
with hot water. 


Replacing Thermostatic 
Faucet Cartridges 


Shower faucets installed before ap- 
proximately 1990 are likely two-handle 
compression, two-handle cartridge, 
single-handle ball, or single-handle pis- 
ton faucets. Shower faucets installed after 
1990 are now required to be thermostatic 
or pressure balanced. Repairing pressure- 
balanced and thermostatic faucets is done 
by replacing a cartridge that acts as the 
temperature monitor of the water coming 
through the faucet. The cartridges for 
thermostatic shower faucets are larger 
than standard faucet cartridges. When 
the thermostatic shower valves leak, 
replacing the thermostatic cartridge is 
the only way to fix the leak, To replace 
a thermostatic faucet cartridge, apply the 
following procedure: 


1. Shut OFF the water and remove the 
handle. 


2.Remove the cartridge retainer and 
remove the old cartridge. 


3. Install a new cartridge and cartridge 
retainer, and check for leaks. 


Troubleshooting Wall Leaks 


Shower faucets may leak at the valve 
escutcheons (trim) and into the wall. The 
holes cut through the wall covering may 
be larger than the diameter of the pipe 
and valves that go through the holes. 
In order to get the handles of the fau- 
cet through the wall, holes are drilled 
through the wall covering. If the wall 
behind the shower or the floor below is 
wet, the plumber should check to see if 
water is coming through the holes for 
the faucet. To repair a leak at the es- 
cutcheons, the handles and escutcheons 
should be removed and caulk should 
be installed behind the escutcheons to 
form a watertight seal. Wall leaks can 
also occur where the shower base flange 
meets the tile wall. This seam should 
be sealed with the appropriate caulk 
to prevent damage to the wall, or the 
development of mold, behind the tile. 


DRAIN CLEANING 


Plumbing drain and sewer blockages 
are most often caused by the buildup of 
grease or tree roots that have grown into 
the sewer pipes. Grease buildup can be a 
result of bad practices, such as pouring 
cooking grease or fat down a kitchen sink. 
If flushed, plastic and other insoluble ma- 
terials, such as baby wipes, diapers, and 
hygiene products, can also get caught in 
the line and block the flow of wastewater 
through the system. These types of block- 
ages can sometimes cause backups. 

The type of piping used in the instal- 
lation of a building drainage system also 
determines whether buildup will occur. 
Plastic pipe has smooth interior walls 
to which waste material is difficult to 
adhere. Cast iron soil pipe and galvanized 
iron pipe have a rough texture on the in- 
side, so waste material can cling to their 
interior walls. 

Access of a blocked pipe is gained 
through cleanouts that are installed in 
long horizontal pipe runs and where 
there is a change in the direction of pipe. 
WARNING: Possible flooding may oc- 
cur when opening a cleanout. Proper pre- 
cautions must be taken to ensure flooding 
does not damage the work area. Buckets 
and shop towels should be used to contain 
any water or waste that exits the cleanout. 

If a cleanout is not available or ac- 
cessible, a fixture or fixture trap may be 
removed for access to the drain. It may 
also be necessary to remove a section 
of a stack at its base in order to allow 
for the use of drain cleaning equipment. 
When a section of the stack is removed, 
a cleanout should be installed for future 
use after the blockage has been cleared. 
If it is too difficult to apply any of these 
options, entry into the drain may be made 
by breaking into the pipe at a point near 
the blockage. After cleaning the drain, the 
pipe must be properly repaired. 

WARNING: The use of chemical 
drain cleaners can cause injuries when 
work is performed to remove blockings 
if the chemicals do not clear the block- 
age. Proper PPE should be worn when 
working on a blocked drain. 
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Locating Blockages 

Various methods can be used to inspect 
drain lines. such as video inspection, and 
locate problem areas. Video inspection is 
the process of using a small waterproof 
camera mounted on the end of a fiber-optic 
line to visually inspect the interior of a 
sewer, drain line, or vent. Video inspection 
systems are designed to inspect sewer lines 
from 14%” to 12” in diameter. 

The camera head of the video inspec- 
tion system is attached to a stiff fiber- 
optic line, which is pushed into the 
sewer. The camera head is illuminated 
with light-emitting diodes (LEDs) to 
provide a light source for the camera. 
See Figure 15-27. The fiber-optic line 
connects the camera to an LCD monitor. 
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Figure 15-27. Video inspection involves 
the use of a small waterproof camera to 
visually inspect a drain line for blockage 
or damage. 
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The monitor may have an optional 
DVD recorder or VCR to record the in- 
spection. Most video inspection systems 
have a counter that is used to measure the 
amount of line introduced into the plumb- 
ing system. This helps to more accurately 
locate problem areas of the pipe in case 
excavation is necessary. 

Another method used to locate prob- 
lem areas in underground pipe involves 
the use of a transmitter and receiver. A 
remote transmitter attached to a drain 
cleaning line or an integrated transmit- 
ter attached to a camera head gives the 
camera operator the ability to locate the 
camera head from above ground. See 
Figure 15-28. 

The operator uses a handheld receiver 
to locate the signals from the transmitter. 
Line tracing may also be performed if 
required. Caution must be used when 
relying on the exact position of the trans- 
mitter to locate problems. The type and 
depth of the pipe and underground utili- 
ties. such as electric, cable. or gas lines. 
may interfere with the signal. 


Rodding 


Rodding is a method of drain cleaning 
that uses a cutting head attached to a 
flexible rod or cable to clear a drain 
line of a clog or obstruction. Rodding 
can be performed with either handheld 
drain augers or large rodding machines. 

The diameter of the drain pipe deter- 
mines the tool that should be used. See 
Figure 15-29. Rodding machines use ei- 
ther sectional rods or long spring cables. 


Fixtures and cleanouts provide access 


to plumbing or other drainage pipes 
for inspection and the removal of mate- 
rial. The proper size rodding machine is 
necessary, based on the size of the pipe 
and distance to the next cleanout. A rod- 
ding machine operator must be properly 
trained to avoid property damage, pipe 
| damage, or injury. 
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Figure 15-29. Handheld drain augers or 
rodding machines are used to clear the 
drain lines of blockages. The diameter of 
the drain pipe determines the type of tool 
that should be used. 


cutting heads designed for different 
types of drain lines. Cutting heads are 
designed to alleviate certain types of 
sewer and drain line blockages. See 
Figure 15-30. The cutting head attaches 
to the end of a cable that is inserted 
into the sewer or drain line. Cables are 
sectional and resemble long springs. 
They are available in different lengths 
and diameters for the different types of 
lines and blockages. 

A rodding machine consists of a motor 
and clutch to rotate the cable and cutting 
head with very high torque at low speeds. 
The spinning cutting head attempts to 
cut through the different blockages to 
open the line. 

As the cable spins, the coils in the 
cable help feed it into the line. The coils 
also help remove the debris blocking the 
line by snaring it. 

Rodding is not a permanent solution 
when roots are the cause of blockage. 
The roots will eventually grow back 
and cause another blockage. Periodic 
rodding may be necessary. The sewer 
or drain may also be replaced using pipe 
with watertight joints. As with roots, 
rodding only temporaily remedies grease 
blockages. Rodding creates a hole in the 
grease blockage but does not remove the 
grease buildup. A drain blocked with 
grease has a tendency to close again 
after rodding. 
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Figure 15-28. A problem 
in an underground pipe can 
be located using a hand- 
held receiver to detect a 
transmitter inside the pipe. 
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Figure 15-30. A variety of cutting heads are available for different types of blockages. 


A drain rodding machine operator must damage and to protect the operator 
take care when handling the machine and from injury. Heavy gloves should be 
cable and adhere to the following safety worn to protect hands while inserting 
precautions: and retrieving the cable. A method of 
e Only properly trained personnel should cleanup should be available because 

operate a drain rodding machine. The the cable may be covered with materi- 
operator must follow all manufacturer als from the drain. 


instructions and procedures. 
P e The cutting head should not be re- 


e Care must be taken when retrieving moved from the pipe access while the 
the cable to prevent pipe or property machine is still running. A spinning 
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head may injure the operator and may 
fling waste when removed. 


e A ground-fault circuit interrupter 
(GFCI) should be used with electric- 
powered rodding machines. Gas-pow- 
ered rodding machines should only be 
used outdoors or in well-ventilated 
areas. 


¢ Extreme care must be taken when 
rodding through a backwater valve to 
avoid damaging valve components or 
seating surfaces. 


Water Jetting 


Water jetting is a method of drain clean- 
ing that uses high-pressure water directed 
through a hardened steel or brass nozzle 
to open and clean drain lines. Water- 
jetting machines are either small portable 
units or large truck- or trailer-mounted 
systems. See Figure 15-31. Portable 
water-jetting machines generally oper- 
ate up to 3500 psi with water flow rates 
up to 5.5 gpm, while truck-mounted 
water-jetting machines generally oper- 
ate between 1000 psi and 40,000 psi 
with water flow rates up to 28 gpm. 

The high pressure and high water 
flow rate allow the water-jetting nozzle 
to cut through small root fibers, dirt, 
organic debris, grease, and oil. The 
type of nozzle used depends on the 
type of blockage, the size and layout 
of the pipe, and the pipe material. For 
example, a nozzle that has one forward 
jet and three to four rear jets is used to 
penetrate solid grease or sludge. The 
forward jet blasts a hole in the blockage 
for the line to follow, while the rear jets 
clean and flush the pipe as they pass 
through it. 

Care must be taken when jetting plas- 
tic pipe because the pipe walls can be 
pierced if the pressure is too high. The 
water-jetting machine operator must 
take care when handling the hose and 
nozzle and adhere to the following 
safety precautions: 
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Figure 15-31. Water-jetting equipment cleans drain lines through the 


use of high-pressure water. 


e Only properly trained personnel should 
operate a water-jetting machine. The 
operator must follow all manufacturer 
instructions and procedures. 


e The nozzle assembly must never be 
handled while the water jet is running. 
The high-pressure water coming from 
the nozzle can easily penetrate skin. 


e The hose and nozzle assembly should 
never be removed from the drain while 
the water jet is running. If removed, 
the hose could whip around and cause 
serious injury. 
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Unplugging Floor Drains 


Floor drains have an integral cleanout 
built in the side of the bowl under the 
drain cover. A cleanout plug screwed in 
the side of the bowl provides access to 
the drain line without going through the 
trap. See Figure 15-32. 

When cleaning a floor drain line, the 
plumber should begin by checking the P- 
trap to ensure the stoppage 1s not located 
there. Most floor drain piping is 2” unless 
the drain needs to handle a large volume 
of water. If the trap is clear, the plumber 
should remove the cleanout plug. When 
the cleanout is open, a drum cable drain 
machine should be used to clean the drain. 
Once the drain is unplugged, the line should 
be flushed with hot water and the cleanout 
plug replaced. 


Figure 15-32. To access Floor Drains © 
drain pipe with a rodding Eanna 
machine, the floor drain 
cleanout plug must be 


— RN Rene 


Unplugging Vent Stacks 


Access to a plugged vent stack can be 
gained through cleanouts at the stack 
base or through the branch lines leading 
into the stack. The plumber needs to find 
an access point where a drum cable drain 
machine can easily be used. If the stop- 
page is close enough to the roof and the 
drum cable drain machine has enough 
cable to reach the stoppage, clearing the 
pipe can be attempted from the roof. See 
Figure 15-33. 


Floor drains should be flushed periodi- 
cally to replenish the water trap if the 
floor does not receive water during 
normal use. 


Figure 15-32 


removed. 
REMOVABLE STRAINER - 
- CLEANOUT 
ws PLUG 
2” MINIMUM 
/ SIZE 
| 
[p 
3” MINIMUM 
TRAP SEAL - 
BACKWATER 
VALVE 
———— a ee ee 
448 PLUMBING DESIGN AND INSTALLATION 


Unplugging Vent Stacks 


RIDGID" 
Figure 15-33. In certain cases, a vent 
stack may be cleared of a stoppage from 
the roof. 


GAS WATER HEATER 
REPAIRS 


Gas water heaters can provide many 
years of trouble-free service with little 
required maintenance. Draining several 
gallons of water from the drain valve 
on a semiannual basis may help reduce 
sediment buildup in the tank. Gas water 
heater problems include tank noise, 
burner control replacement, replacing 
thermocouples, dip tube replacement, 
relief valve replacement, troubleshoot- 
ing burner operation, unplugging a flue, 
gas water heater leaks other than from 
the tank, and gas water heater tank leaks. 


Tank Noise 


Over time, gas water heaters collect lay- 
ers of calcium and mineral sediment in 
the bottom of the tank. These minerals 
become deposited, layer after layer, in 
the bottom of the tank and become very 
thick and dense. When the burner ignites, 
heat attempts to penetrate the layers of 
minerals causing the minerals to churn 
in the tank and produce a banging and 
clanging noise. When draining the water 
heater. some of the mineral sediment may 
drain out the tank. 

Using a water softener and periodically 
draining the water heater can help pre- 
vent the formation of mineral deposits in 
the water heater and increase its life. To 


drain a water heater, apply the following 
procedure: 


1. Turn OFF the gas to the water heater 
at the manual gas shutoff valve. 


2. Close the cold water inlet valve 
3. Open a hot water faucet. 


4. Connect a hose to the drain valve and 
run it to an appropriate drain. 


5.Open the water heater drain valve 
and allow all the water to drain from 
the tank. Flush the tank with water 
by opening the cold water inlet valve 
as needed to remove sediment. 


6. Close the drain valve, refill the tank, 
turn ON the gas, light the pilot, and 
turn ON the burner control. 


Burner Control Valve 
Replacement 


The burner control valve for a gas wa- 
ter heater controls the operation of the 
burner. If the burner control valve mal- 
functions, the burner may not operate or 
may not shut off. If a burner control valve 
is not operating correctly, it should be re- 
placed immediately to avoid a dangerous 
condition. See Figure 15-34. 

If parts are not available for the specific 
water heater, the entire water heater may 
need to be replaced. To replace the burner 
controls, apply the following procedure: 


1. Shut OFF the gas to the burner con- 
trol valve. 


. Shut OFF the water and drain the 
water heater. 


tl 


3. Disconnect the gas supply, burner 
and pilot piping, and thermocouple. 


4. Unscrew and remove the burner con- 
trol valve. The burner control has a 
sensor that extends into the tank. 


5. Install a new burner control valve and 
connect the gas, burner piping. and 
the thermocouple. 


6. Fill the tank with water and check for 
leaks. 
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Figure 15-34. A gas water 
heater has many parts that 
may need repair. 
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7. Turn ON the gas, light the pilot, and 
turn ON the burner control. 


Replacing Thermocouples 


The thermocouple on a gas water heater 
performs the duty of monitoring the pilot 
light. When the thermocouple is defec- 
tive. the burner control valve does not 
operate, and the thermocouple must be 
replaced. The thermocouple tube con- 
nects directly to the burner control valve 
with a small, threaded connector fitting. 
When a new thermocouple is installed, 
the sensor end must be placed so that 
the pilot light is in direct contact with 
the thermocouple. 


Dip Tube Replacement 


The dip tube carries cold water to the 
bottom of the water heater tank so the 
water can be heated quickly. When a wa- 
ter heater experiences a dip tube failure, 
it becomes difficult to obtain hot water 
from the faucets. The water will be warm 
because the cold and hot water is mixing 


at the top of the tank. The dip tube has 
a flanged end that sits in the top of the 
cold water opening of the water heater. 
To replace a dip tube, apply the following 
procedure: 
1. Shut OFF the water and burner con- 
trol valve. 


No 


. Disconnect the cold water supply and 
remove the pipe. 


3. Slide the old dip tube out of the water 
heater and slide in a new dip tube. 


4. Reconnect the cold water supply and 
fill the water heater. 


5. Turn ON the burner control valve and 
check for leaks. 


Relief Valve Replacement 

Relief valves should be tested periodi- 
cally. If the relief valve does not open and 
no water flows through the valve or con- 
tinues to drip after being tested, the relief 
valve must be replaced immediately. 


Figure 15-34 
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To replace a relief valve, apply the fol- 
lowing procedure: 


1. Turn the burner control valve to the 
pilot position. 


2. Shut OFF the water supply to the 
water heater. 


3. Open the relief valve to relieve the 
pressure in the tank. Drain the water 
level in the tank below the relief 
valve opening. 


4. Remove the drainpipe that extends 
to the floor. 


5. Unscrew the old relief valve and 
remove it from the tank. 


6. Install a new relief valve and tighten 
it until the drain connection is point- 
ing down. : 


7. Install the drainpipe and turn ON the 
water. Bleed air from the new relief 
valve. 


8. Turn ON the burner control valve. 


Troubleshooting Burner 
Operation 
A burner that is not operating properly is 
very dangerous because of the possibility 
of releasing harmful or deadly combus- 
tion pollutants into the home. This is 
commonly called combustion spillage. 
Carbon monoxide (CO) is formed when 
a burner is experiencing incomplete 
combustion. Carbon monoxide is a toxic, 
odorless, colorless gas. Carbon monoxide 
poisoning can be fatal if not treated. 
Symptoms of carbon monoxide poi- 
soning include headaches, dizziness, 
confusion, sleepiness, nausea, vomiting, 
fatigue, irritated eyes, increased heart 
rate, breathing difficulties, and respira- 
tory problems including coughing and 
wheezing. A burner that is not burning the 
proper fuel and air mixture needs to be ad- 
justed until the burner is burning correctly. 


Unplugging a Flue 

A plugged flue can be dangerous since 
the combustion flue gas that normally 
flows up through the water heater flue and 
up the chimney enters the occupied space 


of a building. In addition, a plugged flue 
can add moisture to the building. Flues 
may become plugged by an animal nest 
or by soot from incomplete combustion. 
In order to unplug the flue on a water 
heater, apply the following procedure: 


1. Shut OFF the burner control valve. 
2. Allow the water heater to cool down. 


3. Cover the burner and disconnect the 
vent pipe from the top of the water 
heater. 


4. If possible, remove the flue baffle from 
the inside of the flue by sliding the 
baffle out through the top of the water 
heater. 


5. Use a flue brush to clean the flue. If 
the flue baffle cannot be removed, use 
a long and narrow object that can slide 
down the flue to remove the buildup. 


6. Clean the burner compartment. 


7. If necessary, correct the burner prob- 
lem that caused the flue to become 
plugged. 


8. Reconnect the vent pipe to top of the 
water heater. 


9. Light the pilot light and turn ON the 
burner. 


Gas Water Heater Leaks 
Other Than from the Tank 


Leaks on gas water heaters may be caused 
by the threaded connections where the 
water and gas connect to the tank. If a 
leak is present on a water supply pipe’s 
threaded connections, the leak can be 
found by water leaking from the pipe 
threads and forming a puddle on the fit- 
ting. The joint where the gas supply pipe 
is connected should be checked for leaks 
with a soapy water solution. When a leak 
is discovered, the pipe with the leak must 
be disconnected and retightened. 


Gas Water Heater Tank Leaks 

When a gas water heater tank starts to 
leak, it cannot be repaired. Sediment 
buildup on the bottom of the water heater 
tank causes the heat from the burner to 
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burn a hole in the tank because the heat 
cannot penetrate the sediment. Water 
heater tanks can also develop leaks in the 
welded seams and welded pipe connec- 
tions on the tank. When any of these leaks 
occur, the water heater must be replaced. 


ELECTRIC WATER 
HEATER REPAIRS 


Electric water heaters can provide many 
years of trouble-free service with little 
required maintenance. Several gallons 
of water should be drained from the 
drain valve on a semiannual basis to 
help reduce sediment buildup in the tank. 
Electric water heater problems include 
thermostat control replacement, heating 
element replacement, dip tube replace- 
ment, relief valve replacement, electric 
water heater leaks other than from the 
tank, and electric water heater tank leaks. 
See Figure 15-35. 


Electric Water Heaters — 


Thermostat Control 
Replacement 

The electric thermostat control on an 
electric water heater controls the op- 
eration of the heating elements. If the 
thermostat control malfunctions, the ele- 
ments may not operate or may not shut 
off. All electric thermostat controls have 
areset button. The reset button should be 
checked before the thermostat control is 
replaced. A thermostat contro] that is not 
operating correctly should be replaced 
immediately to avoid a dangerous con- 
dition. To replace a thermostat control, 
apply the following procedure: 


|. Shut OFF the electricity to the water 
heater. 


i) 


. Remove the covers from the thermo- 
stat controls. Disconnect the wires 
from the controls. 


3. Unscrew and remove the thermostat 
controls. 


Figure 15-35 
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Figure 15-35. An electric water heater has many parts that may need repair. 
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4. Install a new thermostat control and 
connect the wiring. 


5. Turn ON the electricity to the water 
heater. Set the water temperature on 
the thermostat control. 


6. Replace the thermostat control covers. 


Immersion Element 
Replacement 


Electric water heaters contain either one 
or two immersion elements depending on 
the size of the water heater. The immer- 
sion elements are concealed under covers 
located on the jacket of the water heater. 
Immersion elements can be either screw- 
in or bolt-in types. See Figure 15-36. 
Replacing a burned out immersion ele- 
ment requires shutting OFF the electric 
power to the heater. The water tank must 
be drained because the immersion ele- 
ments are immersed in water. The wires 
that supply the power to the elements are 
then disconnected. 
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Electric Water Heater immersion Elements — 


If the element is the screw-in type, a 
socket that fits the hex head of the element 
is needed to remove the element. If the ele- 
ment is the flanged type, the four bolts in 
the corners of the mounting brackets must 
be removed. The old element is removed 
and the new element is installed. The wires 
are connected and the tank is filled with 
water and checked for leaks. The power 
should be turned ON when the tank is 
completely full. 


Dip Tube Replacement 


A dip tube carries cold water to the bottom 
of the water heater tank so that the water 
can be quickly heated by the elements as 
the hot water rises. When a water heater 
experiences a dip tube malfunction, it 
becomes difficult to obtain hot water from 
the faucets. The water is warm because the 
cold and hot water are mixing at the top of 
the water heater tank. To replace the dip 
tube, shut OFF the water supply and power 
supply to the water heater. 


Figure 15-36 
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Figure 15-36. Electric 
water heater elements are 
either the screw-in type or 
the flanged (bolt-in) type. 
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The section of pipe that is screwed into 
the cold water connection must be re- 
moved. The dip tube has a flanged end that 
sits in the top of the cold water connection 
to the heater. To replace the dip tube, the 
plumber must slide the old dip tube out of 
the water heater and slide a new dip tube 
in. The water supply should be reconnected. 
The water and power supply are turned ON 
and checked for leaks. 


Relief Valve Replacement 

Relief valves on electric water heaters 
should be tested periodically. To test a 
water heater relief valve, the plumber 
must lift the relief valve handle. If the 
valve does not open and water does not 
flow or continues to drip after being 
tested, the valve must be replaced im- 
mediately to avoid a dangerous condition. 


a P 
“ae 


Water heaters can be installed in difficult to reach locations. 
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To replace a relief valve, apply the fol- 
lowing procedure: 
|. Shut OFF the power and water sup- 
ply to the water heater. 


2. Open the relief valve to relieve the 
pressure in the tank. Drain the water 
in the tank so that the water is below 
the relief valve opening. 


res) 


. Remove the drainpipe that extends 
to the floor. 


4. Unscrew the old relief valve and 
remove it from the tank. 


. Install a new relief valve and tighten 
it until the drain connection is point- 
ing down toward the floor. 


Nn 


6. Install the drainpipe and turn ON the 
water. Bleed the air from the new 
relief valve. 

7. Turn ON the power and check for 
leaks. 


Electric Water Heater Leaks 
Other Than from the Tank 
Leaks on electric water heaters may be 
caused by the threaded pipe connections 
where the water connects to the water 
heater tank. A Jeak on the water supply 
pipe connection can be observed by water 
leaking from the pipe threads and form- 
ing a puddle. When a leak is discovered, 
the pipe causing the leak must be discon- 
nected, tightened, and reconnected. 


Electric Water Heater Tank Leaks 


When an electric water heater tank starts 
to leak, it cannot be repaired. Water 
heater tanks can develop leaks in the 
welded seams of the tank. The welded 
connections where the elements are 
mounted can also be a point where leaks 
develop. When any tank leaks occur, the 
water heater should be replaced. 


REVIEW QUESTIONS 


1. What should a service plumber wear on a service call? 
2. What is a common service call for a water closet? 
3. What direction does the nut on a water closet tank handle turn when being tightened? 


4. What tool should be used if a force cup will not clear a stoppage in a water 
closet? 


5. How many handles does a compression faucet have? 

6. Can the cartridge found in a cartridge-type faucet be repaired? 

7. What is the best point at which to access a plugged lavatory drain? 
8. What type of trap is affected by corrosion? 


9. What type of gasket is used to seal the overflow of a bathtub waste and overflow 
assembly? 4 


10. How is a leaking bathtub fixture trap that requires replacement accessed? 


11. What should be repaired if water cannot be switched from the faucet to the 
showerhead of a bathtub? 


12. What point of access should be used to clean a stoppage from a plugged stack? 
13. What causes noise in a gas water heater? 
14. What function does a dip tube perform in a water heater? 


15. What do all electric water heater thermostat controls have? 
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licensing examination is a part 

of the process of becoming a 

licensed journeyman or master 
plumber. The purpose of the licensing 
examination is to ensure that an individual 
is qualified to design, install, and service 
plumbing systems and their related equip- 
ment. Licensing laws vary from state to 
state. In some cases, a municipality may 
require a plumber’s license while the state 
has no such requirement. In Canada, all 
provinces and territories except Nunavut 
require licensing for a plumber. 

An individual preparing to take a licens- 
ing examination should be aware of all 
requirements set by the authority having 
jurisdiction (AHJ). Licensing agencies 
may have specific licensing examination 
requirements governing age, experience, 
and expected knowledge of plumbing 
system design and installation as well 
as service of plumbing systems. These 
requirements may also include registration 
fees and certain types of identification. 


PLUMBING SKILLS 


To pass a licensing examination, plumb- 
ing design, installation, and service 
knowledge and skills must be acquired. 
Once basic skills are mastered, higher 
levels of skills are necessary. In addition, 
new plumbing materials and equipment 
are continually being developed. New 
skills are needed to remain current with 
advancing technology and to grow in 
the plumbing profession. The ability to 
adapt as the industry changes is crucial 
for continued success in the plumbing 
industry. Plumbers often upgrade their 


skills in the profession with additional 
education. They perform tasks on a daily 
basis to refine their knowledge and skills. 


Plumbing Information 
Resources 


The plumber, as a professional, must be 
familiar with information pertaining to 
plumbing systems and related equipment. 
Sources of information include magazines, 
journals, manuals, technical bulletins, 
government documents, and industry 
standards. These are issued or updated 
periodically to reflect changes in the field. 


PLUMBING LICENSE 
REQUIREMENTS 

Plumbing is an occupation requiring 
properly trained workers. Licensed journey- 
man and master plumbers have passed a 
licensing examination. A plumbing license 
documents that the holder is qualified to 
safely perform plumbing installations 
and plan and design plumbing systems. 
Many states in the United States have laws 
regulating the requirements for licensing 
of plumbers. States that do not issue state 
licenses may have jurisdictions within them 
that establish licensing requirements. Infor- 
mation about plumbing licensing can be 
obtained from the appropriate city, county, 
or state authorities. 

Plumber licensing requirements vary. 
Most jurisdictions require documented 
field experience prior to taking a licensing 
examination. A licensing examination typi- 
cally consists of multiple choice questions. 
Some licensing examinations may require 
the demonstration of practical plumbing 
design and installation skills. 
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In Canada, standardization of train- 
ing and certification is provided by the 
Interprovincial Standards “Red Seal” 
Program. The Red Seal Program was 
established to provide mobility across 
Canada for skilled workers. Through 
the program, certified journeymen and 
apprentices who have completed their 
training are able to obtain a “Red Seal” 
endorsement on their provincial Certifi- 
cates of Qualification and Apprenticeship 
by successfully completing the Interpro- 
vincial Standards Examination. 


License Classifications 


License classification varies with the li- 
censing agency. To advance, a prerequisite 
licensing examination for each type of 
license must be passed and a predetermined 
number of practical experience hours must 
be completed and verified. Two common 
categories of plumber’s license are journey- 
man plumber and master plumber. 

The two levels dictate the curriculum 
covered and the requirements needed to 
take the licensing examination. For exam- 
ple, the journeyman plumber requirements 
may include a minimum age of 18, a high 
school diploma or GED, 4 years of practical 
experience, and passing a written exam. 


Licensing Examination 
Preparation 
Licensing examination preparation is de- 
termined by the type of license desired. 
Licensing examinations vary in cost, ques- 
tion type, and question format. For example, 
some questions may be multiple choice 
or true-false, or require a written (essay) 
answer. Some questions may require 
sketching and sizing of piping systems. 
The licensing agency will usually provide 
a list of recommended study materials for 
preparing for the licensing examination. 
General suggestions for licensing exami- 
nation preparation are the following: 


e Learn as much as possible about the 
examination. Obtain information about 
the examination from the licensing 
agency. Make sure that the examina- 
tion is the right one for your qualifica- 
tions. Talk with individuals who have 
successfully passed the examination. 
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e Pace your preparation for the examina- 
tion. Research the topics covered on the 
examination. Develop a study schedule 
and focus on specific topics one at a time 
over an extended period of time. 

e Review examination study materials 
over several days prior to the examina- 
tion. Any review the night before the 
examination should be very limited. 


¢ Ifunfamiliar with the examination loca- 
tion, drive to the site a few days before 
the examination date. 


e Schedule anormal amount of sleep the 
night before the examination. 


e Allow ample time for travel to the ex- 
amination site and arrive early. 


Licensing Examination 
Completion 


Once the exam room has been located, the 

restroom may be visited, if necessary, and 

then a seat may be selected in the exam 

room. General suggestions for completing 

the licensing examination are the following: 

e Remain calm. The preparation neces- 
sary for the examination has been 
completed, and now that preparation 
will ensure the expected results. 


e Afterreceiving the examination, as- 
sess the amount of time available to 
complete it. Scan the first few questions 
of each section to obtain a feel for the 
examination. Pace your work according 
to the time allotted for each section. 


e Read each question and all answers 
carefully. Know what is being asked 
before attempting to answer. Take time 
to verify that the proper answer blank 
has been filled in completely. 


e On answer sheets to be scanned by a 
machine, correctly fill in the space on 
the answer sheet as instructed. Erase any 
changes completely. 


e If calculations are required, be sure to 
neatly snow all work. Some examina- 
tions may allow partial credit for an 
incorrect final answer if the proper 
formula and procedures are shown. 


e If you are unsure of an answer, lightly 
mark the question number on the 
answer sheet and revisit that question 
after completing the rest of the section. 


LICENSING incorrect answers. Make an educated 
EXAMINATION guess using the remaining answers. 
QUESTIONS When finished with the examination. 

review the entire answer sheet for any 
When finished with the questions, return missing information or answers. misplaced 
to the unanswered questions. If you are answers, or stray marks. The number of 
still unsure of the answer after reading answers completed on the answer sheet 
a question again, eliminate the obvious should match the number of questions. 


1. What is the minimum trap seal for a 2” deep seal floor drain? 


A. 2” 
Beak 
C. 4” 
DLS 


2. What type of tip is used on the end of an expander-type PEX tool? 


A. Conical tip 
B. Reamer tip 
C. Rotating tip 
D. Torque tip 


3. When water freezes in a pipe, how much force does the ice exert on the wall of the pipe? 


. 1500 psi 
. 2000 psi 
. 2500 psi 
. 3000 psi 


Inawp 


4. Storm sewers carry all of the following types of water except: 


A. Groundwater 

B. Rainwater 

C. Condensate water 
D. Surface water 


5. All of the following pipes are required to be leak-tested except: 


A. Interior rainwater conductors 
B. Interior rainwater leaders 

C. Exterior rainwater leaders 

D. Building storm sewer 


6. What requires an employee to file an Incident Report with their employer? 


A. Incidents of any type 

B. Incidents that result in lost ime 

C. Incidents that require a doctor visit 
D. Incidents that require hospitalization 
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. All of the following pieces of steel pipe are considered nipples except: 


A. 2x 6” 
B. %2 x 9” 
C.Y%x 12” 
D. Yex 15” 


. What is the largest size copper press fitting available? 


A. 2” 
Bat 
C. 4” 
Deo” 


. How many handle spread widths are available for lavatory faucets? 


A. One 
B. Two 
C ihitse 
D. Four 


What size rainwater leader should be used for a roof area of 1200 square feet? 
Ate 

Bele 
Coa 
D, 4” 


. Every building must have at least one full size stack going through the roof. What is considered full size? 


Aro 
Bea 
(a C 
DAG 


When brazing copper tube joints, at what minimum temperature does the brazing filler material melt? 


A. 840° 
Boo 
C. 860° 
Desde? 


How many batteries are needed for a battery-operated electronic flush valve? 


A. Two 
B. Four 
CESR 
D. Eight 


. What is a ¥%'" bend equal to? 


22° 
AS” 
. 60° 
yo 


INPP 
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16. 


17. 


18. 


19. 


20. 


21. 


To avoid trap seal problems in high winds, try to terminate stacks away from items that affect the wind. 
All of the following roof objects should be avoided except: 

A. Skylights 

B. Gables 

C. Valleys 

D. Roof projections 


What is the minimum size water supply line for a water closet with a flushometer valve? 


A. ¥%" 
B. 2” 
On Le 
DAK 


What is the smallest size vent pipe that can be extended through the roof of a house? 
A. 1A” 

Bas 

G Bi 

D. 4” 


Portable ground fault circuit interrupters should be used with power tools. How long does it take for a 
GFCI to trip when it detects an imbalance of current? 


A. Y20 of a second 
B. %o of a second 
C. Yao of a second 
D. Yo of a second 


How does PEX tubing used in an expanded PEX joint shrink onto the fitting? 


A. Heating the tubing 

B. Tubing has thermal memory 
C. Crimping ring over tubing 
D. Freezing the tubing 


What year did the Federal Safe Drinking Water Act become law? 


A. 1972 
B. 1974 
(C: 1O76 
D. 1978 


Which of the following valves should not be used for throttling? 


A. Globe valve 

B. Gate valve 

C. Ball valve 

D. Stop and waste valve 
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. When odorant is used to detect a leak, wintergreen is one type of oil used. What is the other type of oil used? 


i) 
tv 


A. Peppermint 
B. Spearmint 
C. Licorice 
D. Clove 


23. What does a soil stack carry to the building drain? 


A. Stormwater 

B. Waste from a lavatory 

C. Waste from a kitchen sink 
D. Waste from a water closet 


24. What is the function of a trap primer? 


A. Keeps trap clean 

B. Maintains trap seal 

C. Prevents corrosion 

D. Prevents plugged drains 


25. What is the minimum size water supply line that can be concealed in a wall? 


A. 3” 
B. 1⁄2” 
Go 
D17 


26. On a piping construction drawing, a solid line represents all of the following except: 


A. Vent stacks 

B. Building sewers 
C. Building drains 
D. Fixture drains 


27. What is the minimum size water service for a single-family dwelling? 
A. 12” 
B. %4” 
Cale 
D. 1A" 


28. Inside what symbol on a piping construction drawing is the pipe size located? 


A. Circle 
B. Hexagon 
C. Square 
D. Triangle 


29. What type of material is a beverage dispenser carbonator dual check made of ? 


A. Brass 

B. Iron 

C. Steel 

D. Stainless steel 
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3h 


32 


33: 


34. 


35. 


36. 


37: 


. What is the maximum number of water closets that can be installed on a 3” horizontal drainage line? 


A. One 
B. Two 
C. Three 
D. Four 


All of the following fixtures require a 114” trap except: 
A. Drinking fountains 

B. Bathtubs 

C. Showers 

D. Domestic sinks 


Hard water contains an excess amount of calcium. What is the other mineral in hard water that is in excess? 
A. Iron 

B. Magnesium 

C. Copper 

D. Lead , 

Which of the following is not one of the steps performed when flaring copper pipe? 


A. Cut tube 

B. Ream tube end 

C. Lubricate end of tube 

D. Slip coupling nut over tube end 


What does the acronym MSDS mean? 
A. Manufacturer’s Safety Data Sheet 
B. Materia! Storage Data Sheet 

C. Material Safety Data Sheet 

D. Material Safety Dispensing Sheet 


How many dimples does a tube end notcher produce for a pulled copper tee joint? 


A. One 
B. Two 
CG fliree 
D. Four 


What service should be performed when a pressure relief valve is dripping on the floor? 


A. Rebuild valve 
B. Replace valve 
C. Lubricate valve 
D. Clean valve 


How many gallons of water will one foot of 8” pipe hold? 
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38. All of the following code organizations merged together to form the International Code Council and wrote 


the International Plumbing Code except the: 


A. ICBO 
B. [APMO 
C. BOCA 
D. SBCCI 


39. What does the marking SWP mean on the body of a valve? 


A. Steam Working Pressure 
B. Steam Water Pressure 

C. Steam Waste Pressure 

D. System Working Pressure 


40. What is the smallest size trap required for a service sink? 
ya 

ng 

p” 


3 Bye 


D aan > 


41. When sizing flushometer valves in a group, what water supply fixture unit value is used to size the sixth 
flushometer? 


. 30 wsfu 
. 20 wsfu 
. 10 wsfu 
. 5 wstu 


Jawe 


42. What is the piping construction drawing abbreviation for a stand pipe? 


A. KS 
B. BT 
CHED 
DISE 


43. What is the minimum height a reduced pressure zone backflow preventer can be mounted above the floor? 


A. 12” 
B. 16” 
Ca A 
D. 24” 


44, What is the maximum square footage roof area that a 5” horizontal storm drain with a % inch per foot of 
slope can drain? 

. 1160 

. 2650 

. 4720 

Reeve) 


JO wD 
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46. 


47. 


48. 


49. 


50. 


. What size waste pipe is used for whirlpool tubs to allow faster drainage? 


ys et eis 
B. 1⁄2” 
CPA 
D. Ba 


What is the vertical hanger spacing required for exposed 1” PVC pipe? 
A. + 


vaw 
WAM 


At what decibel (dB) level will sound be considered at the pain threshold? 


A. 100 dB 
B. 110 dB 
C. 120 dB 
D. 130 dB 


What is the largest diameter hole that can be drilled by a core drill? 


A. 14” 
BAG 
CRA 
D. 


2O 


When conducting a final air test of a drain, waste, and vent system, how much pressure is used? 


A. 1" water column 
B. 132" water column 
C. 2" water column 
D. 24%" water column 


What is the volume in cubic feet of a tank 20’ long, 6’ wide, and 11° high? 


A. 1020 cu ft 
B. 1140 cu ft 
CTO 
DALO Cuit 
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Pipe Content—One Foot Length __ 


Single-Pipe Offset Constants _ 


Multiple-Pipe Offset Uniform Spread Constants 
Rolling Offset Constants Using Same Fittings 


Water Pressure to Head. © 
Feet Head of Water to PSI 
Water Weight _ 


Boiling Points of Water Under Pressure 


Drawing Abbreviations 


Architectural Symbols __—_— 


Plot Plan Symbols 


Plumbing Symbols 


Area—Plane Figures 


Volume—Solid Figures 


Weight of Water ina Pipe —_— 


Volume of a Given Length of Pipe 


Linear Expansion of Plastic Pipe 


Linear Expansion of Metallic Pipe i 


Capacities of Cylinders and Tanks _ 


Inch—Millimeter Equivalents 


Decimal Foot Equivalents of Inch Measurements _ 
English System 


Metric System 


English-to-Metric Conversion "8 
Metric-to-English Conversion —_—————— a 
Dimensions of ABS & PVC—Type DWV "EE SS. 


Dimensions and Physical Characteristics of Copper Tube—Type K 


Dimensions and Physical Characteristics of Copper Tube—Type L _ = 


Dimensions and Physical Characteristics of Copper Tube—Type M we 
Dimensions and Physical Characteristics of Copper Tube—Type DWV —— — — 
Selected Plumbing Standards _ ~ i —= 


468 
468 


468 


468 
469 
470 
471 

471 

471 

472 
473 
474 
475 
475 
475 
475 
475 
476 
477 
478 
479 
480 
481 

482 
483 
483 
484 
484 
485 
485 
486 


467 


PIPE CONTENT—ONE FOOT LENGTH 


0.5891 
1325 


2.356 
5.301 
9.425 
14.726 
21205 


37.699 
58.905 
84.823 

150.797 

235.620 — 8.5000 


339.293 12.2400 
603.187 21.7600 


942 480 ' 34.0000 
1357.171 48.9600 


2120.580 76.5000 


in in. tin gal. 
tincuin. inib 


SINGLE-PIPE OFFSET CONSTANTS 
Travel E Offset 
Fitting Length = Travel Advance = | Advance = Offset Disiice = 
4 Length = Offset Travel Distance = 
Ange laa Advance x | Distance x | Lengthx | Advance x Mili! 
Distance x g Length x 


Fitting 


* in degrees 


MULTIPLE-PIPE OFFSET UNIFORM SPREAD CONSTANTS 


mg Difference in Length = 
Paan Travel Length = Offset Distance x 


* in degrees 
POES E CONSTANTS es |- SPREAD ==- SPREAD A! 
USING SAME FITTINGS g M b 
ISA Pan | G _ DIFFERENCE 
Fiting | Fitting | Tavercength= | SEE A ANY o, 
Angle* Offset Distance x P Fi “ae 
wey ee f 
X ; X 4 ‘ E ' | sien 
BEAY & - SPREAD =|=- SPREAD -| 
n MULTIPLE-PIPE OFFSET 


" in degrees 


SINGLE-PIPE OFFSET 
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1 


WATER PRESSURE TO HEAD 


Headt Pressure* 
2.31 100 


230.90 


110 253.98 


277.07 


300.16 


323.25 


346.34 


369.43 


392152 


415.61 


461.78 


577.24 


692.69 


69.27 


808.13 


922.58 


92.36 


1154.48 


115.45 


1385.39 


138.54 


1616.30 


161.63 


1847.20 


2078.10 


2309.00 


Appendix | 469 


FEET HEAD OF WATER TO PSI 


1 0.43 100 


* in ft 


Tin psi 
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WATER WEIGHT 


Temp* |Weightt| Weight 


Temp* | Weightt 


61.563 


61.472 
61.381 


61.291 
i 


| 61.201 


61.096 
60.991 
60.843 
60.783 
60.665 
60.548 
60.430 
| 60.314 
60.198 


60.081 
| 59.980 


59.820 
59.760 


*in °F 
‘in tb/cu ft 
in tb/gal. 


BOILING POINTS OF WATER 
UNDER PRESSURE 


* in psi 
Tal 


DRAWING ABBREVIATIONS 


Term Abbr 


Adapter 
Alignment 
Allowance 


Automatic Sprinkler 
Automatic Stop and Check Valve 


Back Pressure 
Bathroom 
Bathtub 


Cubic Foot Per Minute 
Cubic Foot Per Second 
Cubic Inch 

Cubic Yard 

Cutoff Valve 

Decibel 

Developed Length 
Dishwasher 

Drain Tile 

Drinking Fountain 


Electric Water Cooler 
Elevation 
End-to-End 

Equally Spaced 
Evaporator 

External Pipe Thread 
Fahrenheit 

Female 

Female Flared 
Female Thread 
Flange 

Flared 

Floor Drain 
Foundation 

Gallon Per Hour 
Gallon Per Minute 
Galvanized Iron 
Galvanized Steel 
Gate Valve 

Globe Stop Valve 
Globe Valve 

Grade 

Grooved 

Heating. Ventilating, 
and Air Conditioning 


Internal Pipe Thread 
Iron Pipe Size 


Term 


ADPTR firon Pipe Thread 

ALIGN [Kitchen 

ALLOW [Kitchen Sink 

AHR Laundry Tray 

AB Lavatory 

ASV Leader 

AD Male Pipe Thread 

AS Malleable Iron 

AUTO {Manhole 

S&CV |Manhole Cover 
National Coarse (thread) 
National Extra Fine (thread) 
National Fine (thread) 
National Pipe Thread 
National Taper Pipe (thread) 


Point of Beginning 
Potable Water 
Pressure-Reducing Valve 
Property Line 
Rainwater Conductor 
Reamer 

Relief Valve 

Roof Drain 
Saddle 

Safety Valve 
Sanitary 
Seamless Steel Tubing 
Service Sink 
Sewage 

Sewer 

Shower 

Shower and Toilet 
Shower Drain 
Shutoff Valve 
Silicock 

Sink 

Slip Joint 

Slop Sink 

Soil Pipe 

Soil Stack 
Soldering 
Sprinkler 

Stand Pipe 
Straight Thread (pipe couplings) 
Subsoil Drain 
Sweat 

Tailpiece 

Taper Pipe Thread 
Thermocouple 
Thread 

Thread Both Ends 
Thread Cutting 
Toilet 

Tubing 
Underground 
Union 

Urinal 

Valve Stem 

Vent 

Vent Hole 

Vent Pipe 

Vent Stack 
Washing Machine 
Washroom 

Waste 

Waste Pipe 
Waste Stack 


IPT 


K or KIT 


NPSC 
SSD 
SWT 
TLPC 
NPT 
TC 
THD 
TBE 
TC 

T 
TBG 
UGND 
UN 
UR 
VSTM 
V 

VH 
VP 
vS 
WM 
WR 
Ww 
WP 
WS 
WTR 
WC 
WH 
WM 
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ARCHITECTURAL SYMBOLS... 


RMR” Diy” i Pay A 
COMMON OR FACE 


SAME AS PLAN VIEWS 


WITH NOTE INDICATING 
TYPE OF BRICK 
(COMMON, FACE, ETC.) 


g 


LIGHTWEIGHT 
CONCRETE SAME AS PLAN VIEWS 


CONCRETE 
BLOCK 


_ | 
CUT STONE 


— ALS: 4 
a eee [ok te Aan eae RUBBLE OR 
CUT STONE RUBBLE CAST STONE (CONCRETE) (CONGRETS) CUT STONE 


WOOD STUD í 


REMODELING | 


SIDING DIEPUAY. MEMBERS MEMBERS 


KX} i k 


WOOD STUD, LATH, AND PLASTER 


PLASTER : . L . 
; METAL LATH AND PLASTER 


g An | LATH AND 
SOLID PLASTER PLASTER 


SS | ROUGH FINISHED PLYWOOD 


ROOFING SAME AS ELEVATION VIEW 


SHINGLES 


L 
ARN 


E paa 


GLASS BLOCK GLASS BLOCK 
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.. ARCHITECTURAL SYMBOLS 


J = m TM 
5 El = CERAMIC TILE 
FACING HHH E | LARGE SCALE 
TILE ae š 4 1 
CERAMIC TILE FLOOR TILE CERAMIC TILE 
ie SMALL SCALE 
STRUCTUR 
CLAY nite. | L | SAME AS PLAN VIEW 
LOOSE FILL OR BATTS 
H ] 
INSULATION HHE E | SAME AS PLAN VIEWS 
RIGID 
SPRAY FOAM 


SHEET METAL OCCASIONALLY 


POINT OF 
BEGINNING (POB) 


UTILITY METER 
OR VALVE 


POWER POLE 
AND GUY 


LIGHT STANDARD 


TRAFFIC SIGNAL 


STREET SIGN 


“PLOT PLAN SYMBOLS 


FIRE HYDRANT 


IMPROVED 


MAILBOX ROAD 


UNIMPROVED 


MANHOLE ROAD 


BUILDING 
LINE 


PROPERTY 
UNE 


PROPERT y 
LINE 


Lee “3 HEDGE ROW 


TOWNSHIP 
LINE 


FLASHING INDICATED BY NOTE 
i ~ 
i he 
STEEL CAST IRON 
METALS OTHER INDICATED BY NOTE 
THAN FLASHING OR DRAWN TO SCALE | SAME AS ELEVATION 
SMALL ae a 
ALUMINUM BRONZE 
ee OR BRASS 
e 2 
4 REBARS 
STRUCTURAL INDICATED BY NOTE oR L I í 
STEEL OR DRAWN TO SCALE f 
eee a SMALL LARGE 
SCALE SCALE 
L-ANGLES, S-BEAMS, ETC. 


ELECTRIC 
SERVICE 


NATURAL 
GAS LINE 


WATER LINE 


TELEPHONE 
LINE 


NATURAL 
GRADE 


FINISH 
GRADE 


EXISTING 
ELEVATION 
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BUSHING 


REDUCING CROSS 


STRAIGHT-SIZE 
CROSS 


CROSSOVER 


45° ELBOW 


90° ELBOW 


ELBOW— 
TURNED DOWN 


ELBOW— 
TURNED UP 


BASE ELBOW 


DOUBLE-BRANCH 
ELBOW 


LONG-RADIUS 
ELBOW 


REDUCING ELBOW 


SIDE OUTLET 
ELBOW— 
OUTLET DOWN 


SIDE OUTLET 
ELBOW— 
CUMLE TWE 


STREET ELBOW 


CONNECTING 
PIPE JOINT 


EXPANSION JOINT 


LATERAL 


ORIFICE FLANGE 
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SCREWED 


PLUMBING SYMBOLS 
Pipe Fitting and Valve Symbols 


BELL & BELL & 
SPIGOT FLANGED [SCREWED SPIGOT 


REDUCING FLANGE 


BULL PLUG 


RIPE REUG 


CONCENTRIC 
REDUCER 


ECCENTRIC 
REDUCER 


SLEEVE 


STRAIGHT-SIZE 
MEE 


MEE—OUTEER UP 


TEE OUTEET 
DOWN 


DOUBLE-SWEEP 
TEE 


REDUCING TEE 


SINGLE-SWEEP 
EE 


SIDE OUTLET TEE— 
OUTLET DOWN 


SIDE OUTLET TEE— 
OUTLET UP 


UNION 


ANGLE 
CHECK VALVE 


ANGLE GATE 
VALVE— 
ELEVATION 


ANGLE GATE 
VALVE—PLAN 


ANGLE GLOBE 
VALVE— 
ELEVATION 


ANGLE GLOBE 
VALVE—PLAN 
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BELL & 
FLANGED |SCREWED SPIGOT 


AUTOMATIC 
BYPASS VALVE 


AUTOMATIC 
REDUCING VALVE 


STRAIGHT CHECK 
VALVE 


DIAPHRAGM VALVE 


FLOAT VALVE 


GATE VALVE 


MOTOR-OPERATED 
GATE VALVE 


GLOBE VALVE 


MOTOR-OPERATED 
GLOBE VALVE 


ANGLE 
HOSE VALVE 


GATE HOSE 
VALVE 


GLOBE HOSE 
VALVE 


LOCKSHIELD 
VALVE 


QUICK-OPENING 
VALVE 


SAFETY VALVE 


GOVERNOR- 
OPERATED 
AUTOMATIC VALVE 


AREA—PLANE FIGURES VOLUME—SOLID FIGURES 


Az=Ixw | V=lxwxh 
where > where 

A= area V= volume 

t = length I = length 

w= width w= width 


h = height 


a 


SQUARE OR RECTANGLE RIGHT RECTANGULAR PRISM 


d; — 


y= PTI)? + (d2)*+ (dh x do)] SD 
12 


where 

V= volume 

h = height 

m= 3.1416 

d,= diameter of top 
d= diameter of base 


FRUSTUM OF A CONE 


| 
h 
| 
' 


RIGHT TRIANGLE 


2 
VETI N 
where 


V= volume 
TRAG 
r = radius 
h = height 


CIRCLE CYLINDER 


VOLUME OF A GIVEN 
LENGTH OF PIPE* 


WEIGHT OF WATER IN A PIPE* 


D = diametert L = length? 
D = diametert L = length? 


Weight = 0.34 x D? x L Volume = 0.0408 x D? x L 


“in Ib in gal. 
t 4 
"in in. in in. 
5 TO 
* in ft in ft 


LINEAR EXPANSION OF PLASTIC PIPE | 


Plastic Type Coefficient of Linear Expansion* Amount of Expansion or Contraction 


0.000056 


0.000028 


0.000034 


“in in./in./°F 
t in in./20//100°F temperature change 
t in in./50//100°F temperature change 


Appendix | 475 


LINEAR EXPANSION OF METALLIC PIPE 


Expansion per 100’ of Pipet 


0.770 


0.849 


Temperature* 

-30 | 0.000 0.000 0.000 0.000 
20 0.072 0.073 0.105 0.062 
-10 | 0.145 0.147 0.211 0.124 
0 0.215 al 0.221 0.316 0.186 
10 0.291 0.298 0.428 0.251 
20 0.367 0.376 0.541 | 0.317 
30 0.442 0.454 0.654 l 0.383 
40 0.517 0.533 0.767 0.449 
50 | 0.592 | 0.612 0.880 | 0.515 
0.691 0.581 


0.647 


0.713 


0.928 


ommo 


1.007 


0.845 


1.090 


1.174 


1.258 
1.342 


095 


0.985 


1.056 


NVA’ 


1.426 


1.198 


ESO 


1.269 


1.594 


1.340 


476 


1.678 1.411 

1.762 2.494 1.482 
200 F] 1.761 f 1.846 2611 1.553 
210 1.843 p 1.931 py, 1.626 
220 1.925 2.016 2.843 1.699 
230 2.008 2.101 2.959 1.773 
240 2.091 2.186 3.075 1.847 
250 2174 2.271 3.191 1.924 
260 | 2.257 2.356 3.308 Ie 1.995 
270 2.340 2.441 3.425 2.069 
280 2.423 2.526 3.542 2.143 
290 2.506 2.612 3.659 | 2.217 
300 2.589 2.698 3776 2.291 
310 2.674 2.787 3.896 | 2.368 
320 2.759 2.876 4.016 J 2.445 
330 2.844 2.965 4.136 2.522 
340 2.929 3.054 4.256 2.599 
350 3.015 3.143 4.376 2.676 
360 3.101 3.232 4.497 2.754 
370 3.187 3.321 4.618 | 2.832 
380 TAA 3.410 4.739 2.910 
390 3.359 3.499 4.860 2.988 

3.589 4.981 3.066 
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CAPACITIES OF CYLINDERS AND TANKS* | 


Cylinder Cylinder Length? 


Diametert 


` an 


= 


nm 


An 
EJ 


125 


142 


158 


177 192 


196 212 
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INCH — MILLIMETER EQUIVALENTS 


Inches Inches MM Inches MM 
0.00004 0.10937 2.7781 _| 0.550 13.970 
0.00039 0.11811 3 | 055118 14 
0.00079 0.1250 [3.175 oe 0.56250 14.2875 
0.001 0.13780 3.5 0.57087 14.5 
0.00118 0.14063 3.5719 3764 | 0.57813 14.6844 
0.00157 0.150 3.810 0.59055 15 
0.00197 0.15625 [ 3.9688 Ja | 0.59375 15.0812 
0.002 0.15748 4 0.600 15.24 
0.00236 E 0.17188 | 4.3656 39/64 0.60938 15.4781 
0.00276 | 3 | 4.445 0.61024 15.5 
0.003 0.17717 4.5 5/8 0.6250 EEE 
0.00315 346 0.18750 4,7625 : 0.62992 16 
0.00354 0.19685 5 4V64 0.64063 16.2719 
0.00394 0.20 5,08 | 0.64961 16.5 
0.004 i an 0.20313 5.1594 0.650 [1651 
0.005 i 0.21654 | 5.5 2132 0.65625 | 16.6688 
0.006 Gee 0.21875 5.5562 | 0.66929 17 
0.007 0.2250 | 5.715 . 43le4 0.67188 | 17.0656 
0.00787 0.23438 5.9531 ne 0.68750 17.4625 
0.008 ] 0.23622 6 0.68898 17.5 
0.009 0.250 6.35 ‘| 0.700 17.78 
0.00984 0.25591 6.5 45/64 0.70313 17.8594 
0.01 0.26563 6.7469 ‘ T 0.70866 18 
0.01181 l 0.275 6.985 23/30 [0.71875 | 18.2562 
0.01563 0.27559 7 0.72835 18.5 
0.01575 0.28125 7.1438 47/54 0.73438 18.6531 
0.01969 ; -| 0.29528 7.5 0.74803 19 
0.02 19/64 0.29688 | 7.5406 3/4 0.750 19.050 
0.02362 ' 0.30 7.62 49/64 0.76563 19.4469 
0.025 5/16 0.3125 7.9375 0.76772 | 19.5 
0.02756 0.31496 8 25/32 ues 0.78125 19.8438 
0.0295 21a | 0.32813 | 8.3344 0.78740 | 20 
0.03 0.33465 8.5 51/64 0.79688 20.2406 
0.03125 11/32 0.34375 8.7375 0.800 | 20.320 
0.0315 : 0.350 8.89 _ | 0.80709 20.5 
0.03543 To. 0.35433 9 13/46 0.81250 20.6375 
0.03937 0.35938 9.1281 0.82677 | 21 
0.04 0.37402 9.5 53/64 0.82813 | 21.0344 
0.04687 0.375 9.525 27/3 0.84375 21.4312 
0.04724 : 0.39063 9.9219 0.84646 21.5 
0.05 : 0.39370 10 0.850 21.590 
0.05512 i 0.400 10.16 55/64 0.85938 | 21.8281 
0.05906 ; 0.40625 10.3188 0.86614 22 
0.06 i 0.41339 10.5 7/g 0.875 | 22.225 
0.06250 0.42188 | 10.7156 0.88583 22.5 
0.06299 i 0.43307 1 57/64 0.89063 22.6219 
0.06693 0.43750 11.1125 l | 0.900 22 860 
0.07 0.450 11.430 0.90551 2 
0.07087 ; 0.45276 11.5 23/30 0.90625 | or 
0.075 29/54 0.45313 | 11.5094 59/a4 0.92188 23.4156 
0.07813 "ha 0.46875 11.9062 : 0.92520 23.5 
0.07874 M 0.47244 | 12 15/46 | 0.93750 23.8125 
0.08 51/64 0.48438 | 12.3031 0.94488 24 
0.08661 i | 0.49213 | 12.5 a 0.950 24.130 
0.09 0.50 12.7 Bigg 0.95313 24.2094 
0.09055 : “ie 0.51181 13 0.96457 24.5 

| 0.09375 0.51563 13.0969 31/32 0.96875 24.6062 
0.9843 ; | 0.53125 13.4938 0.98425 25 
0.1 0.53150 13:5 63a | 0.98438 25.0031 
0.10236 l 0.54688 13.8906 1 1.0000 25.4 
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DECIMAL FOOT EQUIVALENTS OF INCH MEASUREMENTS 


Inch Measurement —— Sil Inch Measurement —! com 
Equivalent Equivalent 
% 0.0104 Ye 0.5104 
V4 0.0208 Ya 0.5208 
% 0.0313 A 0.5313 
o4 Yo 0.0417 6” Yo 0.5417 
5% 0.0521 0.5000" 0.5521 
Yq 0.0625 Ya 0.5625 
h 0.0729 % 0.5729 
Ye 0.0938 % 0.5938 
Ya 0.1042 Ya 0.6042 
% 0.1146 % 0.6146 
i Ye 0.1250 7 Yo 0.6250 
0.0833’ S% 0.1354 0.5833 7A 0.6354 
a 0.1458 Js 0.6458 
Th 0.1563 % 0.6563 
a% 0.1771 Ye 0.6771 
Ya 0.1875 Ya 0.6875 
% 0.1979 Y 0.6979 
me Ve 0.2083 8” Yo 0.7083 
0.1667’ 5h 0.2188 0.6667’ vf 0.7188 
Yq 0.2292 Ys 0.7292 
h 0.2396 7% 0.7396 
Ye 0.2604 % 0.7604 
Vs 0.2708 Ya 0.7708 
% 0.2813 % 0.7813 
Be Ve 0.2917 9” Ye 0.7917 
0.2500 s 0.3021 ono % 0.8021 
a 0.3125 Ye 0.8125 
h 0.3229 % 0.8229 
Ve 0.3438 % 0.8438 
Vs 0.3542 Ya 0.8542 
%y 0.3646 % 0.8646 
4” v% 0.3750 10” % 0.8750 
0.3333’ A 0.3854 0.8333" 5% 0.8854 
34 0.3958 Ya 0.8958 
% 0.4063 % 0.9063 
TAA 
VA 0.4271 Ve 0.9271 
Vy 0.4375 V4 0.9375 
Ye 0.4479 % 0.9479 
5” Ve 0.4583 11” Vp 0.9583 
0.4167’ % 0.4688 0.9167 % 0.9688 
Ya 0.4792 Ye 0.9792 
% 0.4896 % 0.9896 
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ENGLISH SYSTEM 


[Unit | Abbreviation 


mile 


Equivalents 


5280 , 320 rd, 1760 yd 
5.50 yd, 16.5’ 
3 SIN 
12ee 03 83Iyd 
0.083’, 0.028 yd 
640 A, 102,400 sq rd 
4840 sq yd, 43,560 sq ft 
30.25 sq yd, 0.00625 A 
1296 sq in., 9 sq ft 
144 sq in., 0.111 sq yd 
0.0069 sq ft, 0.00077 sq yd 
27 cu ft, 46,656 cu in. 
1728 cu in., 0.0370cu yd 
0.00058 cu ft, 0.000021 cu yd 
4 qt (231 cu in.) 


LENGTH 


rod 


yard 


foot 


inch 


square mile 


sg mi or mi? 
A 
sq rd or rd? 


acre 


square rod 


square yard sg yd or yd’ 


square foot sq ft or ft 


square inch sq in. or in? 


cubic yard cu yd or yd" 


VOLUME 


cubic foot cu ft or ft* 


cubic inch cu in. or in’ 


gallon 


CAPACITY quart 2 pt (57.75 cu in.) 
WATER Še pint 4 gi (28.875 cu in.) 
: =e - 5 
EFUB EG: = $ gill 4 fl oz (7.219 cu in.) 
$ cS fluidounce 8 fl dr (1.805 cu in.) 


60 min (0.226 cu in.) 
Ye fl dr (0.003760 cu in.) 
4 pk (2150.42 cu in.) 
8 qt (537.605 cu in.) 
2 pt (67.201 cu in.) 
pint Ye qt (33.600 cu in.) 


fluidram 


minim 


bushel 


peck 


VEGETABLES, 
GRAIN, ETC. 


measure 


quart 


© peck _—— 2 = (554.84 cu in. 
SS gallon 4 qt (277.420 cu in.) 
= $ quart 2 pt (69.355 cu in.) 
5 E pint 4 gi (34.678 cu in.) 
23 gill 5 fl oz (8.669 cu in.) 
£ S fluidounce 8 fl dr (1.7339 cu in.) 
Sa 


fluidram 60 min (0.216734 cu in.) 


Yeo fl dr (0.003612 cu in.) 


= 2000 Ib 
2000 Ib 


minim 


MASS AND WEIGHT 


short ton 


GRAIN, ETC. r = pound 16 oz, 7000 gr 
l z ounce 16 dr, 437.5 gr 
dram 27.344 gr, 0.0625 oz 
grain 0.037 dr, 0.002286 oz 
pound 12 oz, 240 dwt, 5760 gr 
GOLD, Ald a MES 20 dwt, 480 gr 
SILVER, ETC. 4 pennyweight 24 gr, 0.05 oz 
grain 0.042 dwt. 0.002083 oz 
7 pound Ib ap 12 oz, 5760 gr 
> Š ounce oz ap 8 dr ap, 480 gr 
DRUGS x Š dram dr ap 3 s ap, 60 gr 
Š scruple sap 20 gr, 0.333 dr ap 
grain gr 0.05 s, 0.002083 oz, 0.0166 dr ap 
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WATER, 
EUBE SENG: 


VEGETABLES, 
GRAIN, ETC. 


MASS AND WEIGHT 


~ 


COAL, sats 
GRAIN, ETC. 


GOLD. 
SILVER, ETC. 


* base units 


LENGTH 
| 
e 


kilometer 


METRIC SYSTEM 


Number of Base Units 


hectometer 


dekameter 


meter* 


decimeter 


centimeter 


0.01 


millimeter 


0.001 


square kilometer 


sq km or km? 


1,000,000 


hectare 


ha 


10,000 


are 


a 


100 


square centimeter 


sq cm or cm? 


0.0001 


cubic centimeter 


cu cm, cm?, or CC 


0.000001 


cubic decimeter 


dm 


0.001 


cubic meter* 


kiloliter 


hectoliter 


dekaliter 


liter* 


cubic decimeter 


deciliter 


centiliter 


mulliliter 


0.001 


metric ton 


1,000,000 


kilogram 


1000 


hectogram 


dekagram 


gram’ 


decigram 


centigram 


milligram 
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Volume 


Liquid Measure 


Weight 


Pressure 


inches 


ENGLISH-TO-METRIC CONVERSION 


millimeters 


Multiply By 
25.4 


— 


inches centimeters 2.54 
feet centimeters 30.48 


feet 


meters 


0.3048 


yards 


centimeters 


yards 


square inches 


meters 


square millimeters 


square inches 


square centimeters 


square feet 


square centimeters 


square feet 


square meters 


square yards 


cubic inches 


square meters 


cubic millimeters 


1639 


pints 


cubic inches cubic centimeters 16.39 
cubic feet cubic centimeters 2.832 
cubic feet cubic meters 0.02832 

a 
cubic yards cubic meters 


cubic centimeters 


pints 


liters 


0.4732 


| 


quarts 


cubic centimeters 


— 


quarts 


liters 


0.9463 


gallons 


cubic centimeters 


gallons 


ounces 


liters 


grams 


28.35 


ounces kilograms 0.02835 
Sess 

pounds grams 453.6 

pounds kilograms 0.4536 


short tons (2000 Ib) 


kilograms 


907.2 


short tons (2000 Ib) 


inches of water column 


metric ton (1000 kg) 


kilopascals 


feet of water column 


0.9072 


0.2491 


kilopascals 


pounds per square inch 


kilopascals 


2.989 


61995 
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Temperature 


degrees Fahrenheit (°F) 


PLUMBING DESIGN AND INSTALLATION 


degrees Celsius (°C) 


‘(°F —32) 


METRIC-TO-ENGLISH CONVERSION 


millimeters inches 0.03937 


centimeters inches 0.3937 


meters feet 3.281 


meters yards 1.0937 


square millimeters square inches 0.00155 


square centimeters square inches 


square centimeters square feet 
— 
square meters square feet 


square meters square yards 


cubic centimeters cubic inches 0.06102 


cubic meters cubic feet 35134 


cubic meters cubic yards 1.308 


liters pints 


Liquid Measure liters quarts 


liters gallons 


grams ounces 0103527 


Weight kilograms pounds 2.205 
metric ton (1000 kg) pounds 


kilopascals inches of water column 


Pressure kilopascals feet of water column 


kilopascals pounds per square inch 


Temperature degrees Celsius (°C) degrees Fahrenheit (°F) (%°F) + 32 


DIMENSIONS OF ABS & PVC—TYPE DWV 


Nominal or Standard Size” Outside Diameter’ Inside Diameter* Wail Thickness* 


* in in. 
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Nominal or 


Standard Size* 


Outside 
Diameter 


Inside 
Diameter 


Wall 
Thickness 


Cross-Sectional 
Area of Boret 


Weight of 
Tube! 


Weight of 
Tube and 
Water* 


DIMENSIONS AND PHYSICAL CHARACTERISTICS OF COPPER TUBE—TYPE K 


Tube Contents 


0.00051 


Volumes 


Capacity!" 
0.00379 


0.00088 


0.00660 


0.00151 


0.0113 


0.00232 


0.0174 


0.00303 
0.00540 


0.0227 
0.0404 


0.00847 


0.0634 
22 


0.0119 


0.0894 


wars A £ 
in in. 

[Pos P 
in sq in. 


Nominal or 
Standard Size* 


_ in lb/ft 
in cu ft/ft 


In gal./ft 


Physical Characteristics 


Tube Contents 


Outside 
Diameter 


Inside 
Diameter 


Wall 
Thickness 


Cross-Sectional 
Area of Bore? 


Weight of 
Tube? 


Weight of 
Tube and 
Water? 


Volume% 
0.0054 


Capacity" 
0.00405 


0.00101 


0.00753 


0.00162 


0.0121 


0.00242 


| 


0.0181 


0.00336 
0.00573 


ve 


0.0251 


0.00875 


0.0124 


“in in. ` in Ib/ft 
in sq in. ` in cu ft/ft 
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in gal./ft 
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Copper Development Association 


DIMENSIONS AND PHYSICAL CHARACTERISTICS OF COPPER TUBE—TYPE M 


Nominal Dimensions* 


Nominal or Fi 
Standard Size* Outside 


Diameter 


Physical Characteristics 


Weight of Tube Contents 
Tube and 


Water? 


Wall 
Thickness 


Cross-Sectional 
Area of Boret 


Inside 
Diameter 


Weight of 
Tube! 


Volume® 


0.00110 

0.00176 T 
0.00359 
0.00607 


0.00910 
0.127 


Capacity" 
0.025 
0.028 
0.032 0.517 
0.035 0.874 
0.042 orl 

0.049 OS 


0.159 
0.254 


0.00826 
0.0132 


1.46 
0.065 
0.072 
0.083 
0.095 
0.109 


4.89 

6.98 

9.40 
ae 
19 
27.2 
47.6 
S9 

106 


* init Copper Development Association 
CR . 
In sq in. 
tae 
in tb/ft 
` in cu ft/ft 


‘in gal./ft 


Nominal Dimensions* 


Nominal or 


Standard Size* 


Outside 
Diameter 


Inside 
Diameter 


Wall 
Thickness 


Cross-Sectional 
Area of Boret 


Weight of 
Tube* 


Weight of 
Tube and 
Water* 


Tube Contents 


Volume’ 


Capacity! 
0.00917 h 
0.0130 


0.0686 
0.0971 


Copper Development Association 


* inin. 

in sq in. 

' in Ib/ft 

` in cu ft/ft 
in gal./ft 
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SELECTED PLUMBING STANDARDS’... 


Eye and Face Protection. 


OSHA 29 CFR 1926.102 


Occupational and Educational Eye and Face Protection 


ANSI 287.1 


Personal Protection Protective Footwear 


ANSI 241 


Ladders 


OSHA 29 CFR 1926.1053 


Ladders—Portable Wood, Safety Requirements for 


ANSI A14.1 


Ladders—Fixed-Safety Requirements 


ANSI A14.3 


Ladders—Portable Reinforced Plastic-Safety Requirements 


ANSI A14.5 


Aerial Lifts 


OSHA 29 CFR 1926.1053 


Powered Platforms for Building Maintenance 


OSHA 29 CFR 1910.66 


Vehicle-Mounted Elevating and Rotating Aerial Devices 


ANSI A92.2 


Scaffolds 


OSHA 29 CFR 1926 Subpart L 


Scaffold General Requirements 


OSHA 29 CFR 1926.451 


Safety Requirements for Scaffolding 


ANSI A10.8 


Cranes, Derricks, Hoists, and Conveyors 


OSHA 29 CFR 1926 Subpart N 


Hoisting and Rigging 


DOE Standard 1090-99 


Overhead Hoists (Underhung) 


ANSI/ASME B30.16 


Powered Industrial Trucks 


Motor Vehicles 


OSHA 29 CFR 1926.601 


Material Handling Equipment 
Hazard Communication 


OSHA 29 CFR 1926.602 


OSHA 29 CFR 1910.1200 


Hazardous Industrial Chemicals Material Safety Data Sheet Preparation 


ANSI 2400.1 


Rigging Equipment for Material Handling 


OSHA 29 CFR 1926.251 


Asbestos 


OSHA 29 CFR 1926.1101 


ANSI B56.1/OSHA 29 CFR 1910.178 


Standard Practice for Safe Handling of Solvent Cements, Primers, and 
Cleaners Used for Joining Thermoplastic Pipe and Fittings 


ASTM F402 


Bloodborne Pathogens Compliance Directive 


Standard Specification for Acrylonitrile Butadiene-Styrene (ABS) Schedule 


OSHA 29 CFR 1910.1030 
40 


Plastic Drain, Waste, and Vent Pipe with a Cellular Core ASTM F628 
Standard Specification for Acrylonitrile Butadiene-Styrene (ABS) Schedule 40 
Plastic Drain, Waste, and Vent Pipe Fittings ASTM D2661 
Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Drain, Waste, 
and Vent Pipe and Fittings ASTM D2665 
Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, 
Schedule 40 ASTM D2466 
Standard Specification for Socket-Type Poly(Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 80 ASTM D2467 
Standard Specification for Threaded Poly(Viny! Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 80 ASTM D2464 
Standard Specification for Chlorinated Poly(Viny! Chloride) (CPVC) Plastic 

ASTM D2846 


Hot- and Cold-Water Distribution Systems 
Standard Specification for Cross-Linked Polyethylene (PEX) Tubing 


ASTM F876 


Standard Specification for Cross-Linked Polyethylene (PEX) Plastic Cold- and 


Hot-Water Distribution Systems 


ASTM F877 


Cast Copper Alloy Solder Joint Pressure Fittings 


ASME B16.18 


Wrought Copper and Copper Alloy Solder Joint Pressure Fittings 


ASME B16.22 


Cast Copper Alloy Solder Joint Drainage Fittings-DWV 


ASME B16.23 


Wrought Copper and Wrought Copper Alloy Solder Joint Drainage 
Fittings-DWV 


ASME B16.29 


Standard Specification for Performance of Gasketed Mechanical Couplings for 


Use in Piping Applications 


ASTM F1476 


Standard Specification for the Performance of Fittings for Use with Gasketed 


Mechanical Couplings Used in Piping Applications 


ASTM F1548 


Cast Copper Alloy Fittings for Flared Copper Tube 


ASME B16.26 


Standard Specification for Hubless Cast Iron Soil Pipe and Fittings for 
Sanitary, Storm Drain, Waste, and Vent Piping Applications 


ASTM A888 
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Title 
Standard Specification for Shielded Couplings Joining Hubless Cast Iron Soil 


Pipe and Fittings ASTM C1277 
Standard Specification for Rubber Gaskets for Cast Iron Soil Pipe and Fittings | ASTM C564 
Standard Specification for Cast Iron Soil Pipe and Fittings | ASTM A74 
Malleable Iron from Threaded Fittings ASME B16.3 

Gate Valves for Water and Sewage Systems ANSI/AWWA C500 
Standard Specifications for Envelope Dimensions for Bronze Globe Valves ASTM F885 

NPS % to 2 alt 

Performance Required for Hose Connection Backflow Preventers ANSI/ASSE 1052 


Face-to-Face Dimensions of Flangeless Control Valves (ANSI Classes 150, 
300, and 600) 


ANSI/ISA $75.04 


Standard Specifications for Envelope Dimensions for Butterfly Valves—NPS | 
2 to 24 


ASTM F1098 


Backwater Valves 


ASME A112.14.1 


Water Pressure-Reducing Valves for Domestic Water Supply Systems 


ANSI/ASSE 1003 


Relief Valves for Hot Water Supply Systems ANSI 221.22 

Cold Water Meters-Displacements Type Bronze Main Case ANSI/AWWA C700 
Cold Water Meters— Turbine Type for Customer Service ANSI/AWWA C701 
Cold Water Meters—Compound Type ANSI/AWWA C702 
Standard Specification for Solvent Cement for Acrylonitrile-Butadiene-Styrene 

(ABS) Plastic Pipe and Fittings AUDAS 
Standard Specification for Solvent Cements for Poly (Vinyl Chloride) (PVC) ASTM D2564 


Plastic Piping Systems 


Standard Specification for Solvent Cements for Chlorinated Poly 
(Vinyl Chloride) (CPVC) Plastic Pipe and Fittings 


ASTM F493 


Standard Practice for Safe Handling of Solvent Cements, Primers, and 
Cleaners Used for Joining Thermoplastic Pipe and Fittings 


ASTM F402 


Safety of Public Water Systems 


SDWA 42 CFR 


Standard Specification for Solder Metal 


ASTM B32 


Standard Specification for Liquid and Paste Fluxes for Soldering of Copper 
and Copper Alloy Tube 


ASTM B813 


Specification for Filler Metals for Brazing and Braze Welding 


AWS A5.8 


Specifications for Fluxes for Brazing and Braze Welding 


AWS A5.31 


Standard Specification for Rubber Gaskets for Cast Iron Soil Pipe and Fittings 


ASTM C564 


Pipe Threads, General Purpose (Inch) 


ASME B1.20.1 


Pipe Hangers and Supports—Materials, Design and Manufacture MSS-SP58 
Pipe Hangers and Supports—Selection and Application MSS-SP69 


Plumbing Fixture Fittings 


ASME A112.12.12.1M 


Trap Seal Primer Valves 


ANSI/ASSE 1018 


Water Pressure-Reducing Valves ASSE 1003 
Air Gaps in Plumbing Systems ASME 112.1.2 
Pipe Applied Atmospheric Type Vacuum Breakers ASSE 1001 
Hose Connection Vacuum Breakers ASSE 1011 
Performance Requirements for Hose Connection Backflow Preventers ASSE 1052 
Diverters for Plumbing Faucets with Hose Spray, Anti-siphon Type, ASSE 1025 
Residential Applications 
Pressure Vacuum Breaker Assemblies ASSE 1020 

3 5 fat 
Performance Requirements for Backflow Preventer with Intermediate ASSE 1012 
Atmospheric Vent 
Double Check Valve Backflow Prevention Assembly AWWA C510 
Dual! Check Valve Type Backflow Preventers ASSE 1024 
Performance Requirements for Backflow Preventers on Carbonated Beverage Reae 1022 
Machines 
Performance Requirements for Reduced Pressure Principle Backflow 
Preventers and Reduced Pressure Principle Fire Protection Backflow ASSE 1013 


Preventers 


Append, 
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Plumbing Fixture Fittings ASME A112.18.1M 
Enameled Cast Iron Plumbing Fixtures | ASME A112.19.1M 
Vitreous China Plumbing Fixtures ASME A112.19.2M 
Stainless Steel Plumbing Fixtures ASME A112.19.3M 
Porcelain Enameled Formed Steel Plumbing Fixtures ASME A112.19.4M 
Hydraulic Performance Requirements for Water Closets and Urinals ASME A112.19.6 
Anti-siphon Fill Valves (Ball Cocks) for Gravity Water Closet Flush Tanks ANSI/ASSE 1002 
Pressurized Flushing Devices (Flushometers) for Plumbing Fixtures | ANSI/ASSE 1037 
Plastic Toilet (Water Closet) Seats | ANSI Z124.5 


Wall-Mounted and Pedestal-Mounted, Adjustable and Pivoting Lavatory and ASME A112.19.12 
Sink Carrier Systems 


Individual Thermostatic Pressure-Balancing, and Combination 
Pressure-Balancing and Thermostatic Control Valves for Individual 
Fixture Fittings 


; ANSI/ASSE 1016 


ANSI/ASSE 1006 
ASME A112.21.1M 
ANSI 221.23 
ANSI/ASSE 1010 
ANSI 221.22 


Plumbing Requirements for Household Dishwashers 


Floor Drains 


Gas Appliance Thermostats 


Performance Requirements for Water Hammer Arrestors 


Relief Valves for Hot Water Supply Systems 


* The standards listed in this table are selected from several standards organizations that apply to the plumbing trade and do not encompass all standards 
for the trade. 
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GSlisss ary 


A 


acoustic leak detector: A sensitive ground microphone 
connected to a receiving unit that is used to locate leaks 
in underground water supply and distribution piping. 

acrylonitrile-butadiene-styrene (ABS) pipe and fitting: 
A black plastic pipe and fitting used for sanitary drain- 
age and vent piping and for aboveground and under- 
ground storm water drainage. Also called Schedule 40 
ABS DWV. 


adjustable wrench: A smooth-jawed, general-purpose 
wrench used for tightening fasteners. 

advance: The vertical distance between the centers of 
two offset fittings. 

aerial lift: A piece of extendable and/or articulating 
equipment designed to position personnel and/or ma- 
terials in elevated locations. 


A40 Standard: Original model plumbing code, which 
established the form and content of model codes today. 


air gap: An unobstructed vertical distance through the 
air between the lowest outlet of any pipe or faucet sup- 
plying water to a plumbing fixture, tank, or other de- 
vice and the flood level rim of a receptacle. 


air test: A plumbing system test in which inlets and out- 
lets to a system are sealed and air is forced into the 
system until a uniform air pressure of 5 psi is reached 
and maintained for 15 min without additional air being 
added to the system. 

alternating current (AC): Current that reverses its di- 
rection of flow at regular intervals. 

American National Standards Institute (ANSI): A 
national organization that helps identify industrial and 
public needs for national standards. 

American standard taper pipe thread (NPT): A stan- 
dard pipe thread used for connecting water, gas, and 
steam pipes in which the adjoining sides of the threads 
are at a 60° angle to each other. 

ammeter: A test instrument that measures the amount of 
current in an electrical circuit. 

angle grinder: A handheld tool used to remove material 
by abrasive action. 
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angle of repose: The greatest angle above the horizontal 
plane at which a material will lay without sliding. 


angle valve: A globe valve in which the inlet and outlet 
are at 90° to each other. 


annealed copper tube: Drawn copper tube that is heated 
to a specific temperature and cooled at a predetermined 
rate to impart desired strength and hardness character- 
istics. Also called a soft copper tube. 


antisiphon P-trap: A P-trap with a large bowl on the 
outlet leg of the trap that is designed with increased 
resealing properties. 

appliance: A plumbing fixture that performs a special 
function and is controlled and/or energized by mo- 
tors, heating elements, or pressure- or temperature- 
sensing elements. 


apprentice: Any person who enters into an agreement 
with an employer or Joint Apprenticeship and Train- 
ing Committee (JATC) for a required period of time to 
receive instruction and learn a trade. 


area: The surface measurement within two boundaries: 
expressed in square units such as square feet. 


articulating Z-boom lift: An aerial lift in which the 
work platform or bucket is raised and lowered through 
two or more hinged sections. 

asbestos: A mineral that has long, silky fibers in a crystal 
formation; a component of many building materials. 
such as fireproofing materials, pipe insulation, siding, 
and tile. installed until the late 1980s. 

asbestosis: A respiratory disease caused by inhaling as- 
bestos fibers resulting in scar tissue (fibrosis) forming 
inside the lungs. 


ASTM International: A technical society and primary 
developer of voluntary standards, technical informa- 
tion, and services that promotes public health and safe- 
ty and contributes to the reliability of products, mate- 
rials, and services. Formerly known as the American 
Society for Testing and Materials. 

atmosphere: A blanket of gases that surrounds the earth, 
is approximately 100 miles thick, and contains about 
21% oxygen, 78% nitrogen, and 1% other gases. 


atmospneric vacuum breaker (AVB): A vacuum 
breaker that seals the atmospheric vent of a device un- 
der normal flow conditions and seals the device inlet 
when a partial vacuum (negative pressure) develops in 
the water supply piping, allowing air into the system 
to break the vacuum. 

automatic knife valve: A backwater valve that contains 
a steel knife gate that automatically blocks a waste 
drainage system as backwater pressure increases. 

automatic trap primer: A device with an integral air 
gap that is installed in a cold water supply pipe and 
diverts a small amount of water to a floor drain P-trap 
to ensure an adequate trap seal. 

aviation snips: Snips used to make straight or angled 
cuts in light-gauge sheet metal. 


backflow: The flow of solids, liquids, or gases into the 
water distribution pipes of a potable water supply from 
any source other than the intended source. 

back pressure: A backflow condition caused by down- 
stream pressure in the water distribution pipe being 
higher than the water supply pressure. 

back-siphonage: Backflow caused by negative atmo- 
spheric pressure in the water distribution pipes of a 
potable water supply system. 

back vent: A type of individual vent pipe that connects 
to a waste pipe on the sewer side of its trap to prevent 
siphonage. 


backwater valve: A plumbing component used to pre- 
vent the backflow of sewage into a building. 


bag trap: A prohibited trap in which the inlet and outlet 
of the trap are in vertical alignment with each other. 

ball valve: A valve in which fluid flow is controlled by a 
ball that fits tightly against a resilient (pliable) seat in 
the valve body. 

barometric loop: A loop of water supply piping that 
rises 35° and then falls back to the original piping 
elevation. 


basin wrench: A hand tool used to tighten water supply 
connections to the faucet behind fixtures and slip nuts 
on fixture traps in hard-to-reach areas. 

basket strainer: A drain fitting installed in a kitchen 
sink that consists of a strainer body fitted with a fixed 
strainer and a removable basket with a rubber stopper. 


basket strainer wrench: A hand tool used to tighten the 
nut that secures the kitchen sink basket strainer assem- 
bly to the sink. 

bathtub: A plumbing fixture used to bathe the entire body. 


bed section: The lower section of an extension ladder. 
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bell trap: A prohibited trap in which a trap seal is formed 
between a bell or cap and a raised metal rim of a de- 
pressed bowl. 

bend support: A metal or reinforced plastic device that 
encloses a section of PEX tubing and provides rigid 
90° bends. 

bidet: A plumbing fixture used to bathe the external gen- 
itals and posterior parts of the body and provide relief 
for certain health conditions. 

black pipe: Steel pipe that is coated with varnish to pro- 
tect it against corrosion. 

blackwater: Wastewater that has come into contact with 
or contains fecal matter or food solids. 


bloodborne pathogen: A specific agent (bacterium or 
virus) of a disease in the blood. 


blowout urinal: A. wall-hung urinal with a nonsiphonic 
passageway at the rear of the bow] and an integral flush 
rim and jet. 

blowout water closet: A water closet with a nonsiphonic 
passageway at the rear of the bow] and an integral flush 
rim and jet. 

boiler drain: A valve with hose threads that 1s installed 
on a tank, such as a water heater, to drain and/or flush 
the tank. 


bottom-mounted lavatory faucet: See concealed lava- 
tory faucet. 

branch: Any part of a plumbing system other than a 
riser, main, or stack. 


branch interval (BI): A vertical length of stack at least 
8’ high within which the horizontal branches from one 
story or floor of the building are connected to the stack. 


branch vent: A vent pipe connecting two or more indi- 
vidual vents to a stack vent or vent stack. 

brazing: A copper tube joining method in which a 
nonferrous filler metal with a melting temperature of 
840°F or more is used. 

building drain: The part of the lowest piping of a drain- 
age system that receives the discharge from soil. waste, 
and other drainage pipes inside the walls of a building 
and conveys it to the building sewer. 


building drain branch; A soil or waste pipe that ex- 
tends horizontally from a building drain and receives 
only the discharge from fixtures on the same floor as 
the branch. 


building sewer: The part of a drainage system that ex- 
tends from the end of the building drain and conveys its 
discharge to the public sewer, private sewer, individual 
sewage-disposal system, or other point of disposal. 


building storm drain: A building drain that conveys 
rainwater but does not carry sewage. 


building storm sewer: A building sewer that conveys 
rainwater but does not carry sewage. 


built-in bathtub: See recessed bathtub. 

butterfly valve: A valve used to control fluid flow: it 
consists of a rotating disk that seats against a resilient 
material within the valve body. 

butt fusion: The process of joining two pipes by melting 
their ends together. 


butt-welded pipe: See welded pipe. 


a 


cabinet automatic water softener: A water softener that 
has a mineral tank within a brine tank. 


capillary attraction: The upward movement of liquid, 
such as the contents of a trap seal, through the fibers or 
cellular structure of a material. 

carbon monoxide (CO): A product of combustion, 
which is a deadly colorless, odorless gas. 

carbon monoxide (CO) meter: A handheld test instru- 
ment that is used for the detection and measurement of 
carbon monoxide levels in a specific area. 

carcinogen: A hazardous substance at a job site that can 
cause cancer. 

carpenter’s level: A level that uses an air bubble located 
inside a liquid-filled vial to establish plumb and level 
references. 

Cast Iron Soil Pipe Institute (CISPI): A trade associa- 
tion that is dedicated to improving the plumbing indus- 
try through the proper manufacturing, application, and 
installation of cast iron soil pipe. 

centerset lavatory faucet: A combination lavatory fit- 
ting that consists of two faucet handles, a spout, anda 
pop-up waste fitting lift rod mounted on a raised base. 

center-to-center (C-C) distance: The theoretical length 
of a travel piece. 

chain fall: See hand chain hoist. 

chain pipe vise: A pipe vise that holds pipe using a chain 
that is placed over the pipe and tightened with an ad- 
justment handle. 

chain tongs: A type of chain wrench with two serrated 
jaws and a long handle that is used to provide maxi- 
mum leverage for turning large-diameter pipe. 

chain wrench: A pipe wrench with a serrated jaw, which 
uses a chain to secure the pipe in position. 

chalk line: A chalk-coated string used to mark straight 
lines on flat surfaces. 

change in direction: A turn that may be required in 
drainage piping. 


check valve: A valve that permits fluid flow in only one 
direction and closes automatically to prevent backflow 
(flow in a reverse direction). 

chemical hazard: A solid, liquid, or gas that exerts toxic 
effects by inhalation, absorption, or ingestion. 

chlorinated polyvinyl chloride (CPVC) pipes and fit- 
tings: Cream-colored thermoplastic material specially 
formulated to withstand higher temperatures than other 
plastic materials; used in potable water distribution, 
corrosive industrial fluid handling, and fire suppres- 
sion systems. 

chop saw: A circular saw that is attached to a small table 
and pivots at the rear. 

claw hammer: A striking tool with a flat, hardened head 
and a slotted claw used to remove nails. 


cleanout: A fitting with a removable cap or plug installed 
in sanitary drainage piping to allow access to the pip- 
ing for removing stoppages and cleaning the interior 
of the pipe. 

clevis hanger: A pipe hanger used to support horizontal 
pipe and that consists of a suspended U-shaped bracket 
with holes in the upper ends to receive a pin and an 
inverted bracket. 

close nipple: A nipple that is threaded its entire length. 


clothes washer outlet box: A plastic enclosure that ac- 
commodates water supply and waste connections for a 
clothes washer. 


cohesive soil: Clay or soil with a high clay content. 


combination backwater valve: A backwater valve that 
contains a flapper-type backwater valve and a gate valve. 

combination waste and overflow fitting: A bathtub 
drain fitting that is an outlet for bathtub waste and al- 
lows excess water to drain from the fixture so that it 
does not overflow onto a bathroom floor. 


combustible gas detector: A handheld test instrument 
that is used to test for the presence of combustible gas- 
es such as methane, propane, and ethanol. 


come along: See ratchet lever hoist. 
common fraction: See proper fraction. 
common seal P-trap: A P-trap with a 2” to 4” trap seal. 


common vent: A vent pipe that connects at the junc- 
tion of two fixture drains and serves as a vent for both 
fixture drains. 


composting toilet: A toilet that consists of a single unit 
with a composting compartment or many units con- 
nected to a remote composting tank. 


compound water meter: A water meter that combines a 
disc and turbine meter; used in buildings where there 1s a 
large fluctuation of water flow such as an office building 
that has high water usage during business hours and low 
water usage during the evenings and weekends. 
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compression faucet: A faucet in which the flow of water 
is shut off by means of a washer that is forced down 
(compressed) onto its seat. as with a globe valve. 

compression stop: See nonrated globe valve. 

concealed lavatory faucet: A combination lavatory fitting 
that consists of one or two faucet handles, a spout mount- 
ed above the lavatory or countertop, a pop-up waste fit- 
ting lift rod, and a faucet body mounted below the fix- 
ture. Also called a bottom-mounted lavatory faucet. 

confined space: A space that is large enough and config- 
ured for a plumber to enter and perform assigned work. 
has limited or restricted means for entry and exit, and 
is not designed for continuous occupancy. 


confined space entry permit: A document issued by an 
employer to allow and control entry into a confined space. 


construction forklift: See material lift. 

continuous pressure: Pressure that is continuously sup- 
plied to a backflow prevention device for over 12 hr. 

continuous vent: A vertical vent that is a continuation of 
the drain to which it connects. 


continuous waste fitting: A drainage fitting that consists 
of a section of horizontal drainage pipe and sanitary tee 
and is used to convey waste trom a kitchen sink drain 
to a common P-trap. 

continuous weld pipe: See welded pipe. 


contractor: The individual or company responsible for 
the performance of construction work, including labor 
and materials, according to plans and specifications. 

control valve: A valve designed to control fluid flow rate 
by partially opening or closing. Also called a throttling 
valve. 

Copper Development Association (CDA): A trade as- 
sociation that provides technical information regarding 
the proper and efficient use of copper and copper al- 
loys in all applications, including plumbing, sprinkler 
systems, gas installations, and roofing. 

core bit: A hollow bit with industrial diamond teeth em- 
bedded in the cutting edge. 


core cock: A valve through which water or gas flow is 
controlled by a circular core or plug that fits closely in 
a machined seat. Also called a plug valve. 

core drill: A piece of drilling equipment consisting of a 
drill head, mast, and base that is used to cut holes up 
to 14” diameter in concrete, concrete block. and stone. 

corporation cock: A valve placed on the water main 
to which the water service of a building is connected. 
Also called a corporation stop. 

corporation stop: See corporation cock. 

countertop lavatory: A lavatory installed in the opening 
of a bathroom or restroom cabinet or countertop. or on 
top of a cabinet frame. Also called a vanity lavatory. 
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crimping tool: A hand tool used to crimp, or tighten, a 
crimping ring securely around PEX tubing. 

critical level: The level to which an atmospheric vacuum 
breaker may be submerged betore backflow through 
the device occurs. 

cross connection: Any connection between the potable 
water supply system and another piping system through 
which contaminants unfit for human consumption can 
enter a potable water supply pipe by back pressure or 
back-siphonage. 

cross-linked polyethylene (PEX): A thermosetting plas- 
tic made from medium- or high-density cross-linkable 
polyethylene that is used for water service piping and 
cold and hot water distribution piping. 

crown vent: A vent pipe connected at the uppermost 
point in the crown of a trap. 

curb box: See stop box. 

curb cock: A valve installed on a water service to turn on 
or off the potable water flow to a building. Also called 
a curb stop. 

curb stop: See curb cock. 

current: The flow of electrons moving through a con- 
ductor; measured in amperes (A). 


cutout saw: A cutting tool that uses a Yg” or 14” bit to cut 
through wood and nonwood materials up to 1” thick. 
Also called a spiral-cut saw. 


D 


deburring tool: A hand tool that removes burrs and out- 
side ridges from plastic pipe. 

decibel (dB): A unit of measure used to express the rela- 
tive intensity of sound. 

deep-seal P-trap: A P-trap with a trap seal over 4”. 

degree of hazard: A classification system indicating 
whether a substance in a potentially cross-connected 
nonpotable system is toxic or nontoxic. 

detail drawing: A drawing showing a small part of a floor 
plan, elevation, or section drawing at an enlarged scale. 

developed length: The length of vent pipe measured 
along the centerline of the pipe and fittings. 

diagrammatic piping drawing: See schematic piping 
drawing. 

diameter: The distance across the circumference of a 
circular surtace passing through the center point. 

diaphragm flushometer valve: A flushometer valve in 
which a segmented diaphragm within the valve body 
controls flushing water by equalizing pressure on both 
sides of the diaphragm. 


die: A tool used to cut external threads in pipe. 


die head: The part of a pipe threader that secures dies in 
position and applies pressure to cut external threads. 

direct current (DC): Current that flows in one direction 
only. 

disc water meter: A water meter used to measure water 
flow through small water services. Also called a dis- 
placement meter. 


dishwasher: An electric plumbing appliance used to 
wash dishes. 


displacement meter: See disc water meter. 


double check valve assembly (DCVA): A device in- 
stalled on a building water service to protect the po- 
table water supply in street water mains from backflow 
caused by cross connections within a building. 

double check valve with intermediate atmospheric 
vent: A backflow prevention device used to protect 
against back pressure and back-siphonage and that can 
be used for continuous pressure applications. 


drainage fixture unit (dfu): A measure of the probable 
discharge of wastewater and waterborne waste into a 
drainage system. 

drawn copper tube: Copper tube that is pulled through 
a single die or series of dies to achieve a desired diam- 
eter. Also called hard copper tube. 

drinking fountain: A wall-hung plumbing fixture that 
delivers a stream of drinking water through a nozzle 
at an upward angle to permit the user of the fixture to 
conveniently drink from the fountain. 

drop: See fall. 

drop ear bend support: A metal or reinforced plastic 
device that encloses a section of PEX tubing and pro- 
vides a nailing plate for stub-out applications. 

drop-in bathtub: A bathtub installed in an enclosure 
that also supports the fixture. 

drum trap: A cylindrical plumbing trap in which the 
body of the trap is in a vertical axis. 

dual-flush water closet: A water closet that provides a 
flush option for liquid waste and one for solid waste. 


E 


earmuff: An ear protection device worn over the ears. 

earplug: An ear protection device made of moldable rub- 
ber, foam, or plastic that is inserted into the ear canal. 

effective opening: The diameter of a circle equivalent to 
the crosssectional area of a potable water outlet opening. 

electrical shock: The condition that results when a body 
becomes part of an electrical circuit. 

electric water heater: A water heater that utilizes heat 
produced by the flow of electricity through resistance 


wire contained in the heating elements to heat cold wa- 
ter contained within the storage tank. 

electrofusion: The process of joining two pipes together 
using an internally heated coupling. 

elevation drawing: An orthographic view of a vertical 
surface without allowance for perspective. 

end pipe wrench: A general-purpose pipe wrench used 
in tight quarters, such as when pipe 1s close to a wall, 
to assemble ¥8” to 5” pipe. 

end-to-end (E-E) length: The actual length of a travel 
piece. 

Engel process: A PEX manufacturing process in which 
peroxides (heat-activated chemicals) release molecules 
tor cross-linking. Also called the peroxide process. 

estimator: A person who estimates the cost of the con- 
struction projects the contractor wants to bid on. 

expander tool: A hand tool with a conical tip that is in- 
serted into the end of PEX tubing and expanded as the 
handles are pushed together. 

expansion loop: A loop in plastic tubing that provides 
an area for the tubing to expand and contract without 
stressing. 

extendable S-boom lift: An aerial lift in which the 
work platform or bucket is raised and lowered by a 
telescoping arm. 

extension cord: Temporary wiring used to supply power 
to portable electric tools and equipment. 


extension ladder: An adjustable-height ladder with a 
fixed bed section and sliding, lockable fly section(s). 
extension split pipe clamp: A hinged pipe clamp secured 
to a structural component with a threaded hanger rod. 


exterior elevation drawing: A scaled view that shows the 
shape and size of the exterior walls and roof of a building. 


F 


face shield: An eye and face protection device that cov- 
ers the entire face to provide protection from flying 
objects and splashing liquids. 

fall: The distance drainage pipe drops in its given length; 
expressed in inches. Also called drop. 

final air test: A test of the plumbing fixtures and their 
connections to a drainage system. Also called a ma- 
nometer test. 

finishing: The final installation, or setting, of plumbing 
fixtures and appliances. 

fire protective mat: A heat resistant cloth that may be 
positioned as a barrier to keep the torch flame from 
damaging materials close to the joint being soldered 
or brazed. 
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fitting: A device fastened to the ends of pipes to make 
connections between individual pipes. 


fitting allowance (FA): The measurement from the end 
of a travel piece when it is properly installed at the 
center of a fitting. 

fixed ladder: A ladder that is permanently attached to a 
structure, tank, or vault. 


fixture branch: A water supply pipe that extends be- 
tween a water distribution pipe and fixture supply pipe. 

fixture drain: The drainage pipe that extends from the 
trap of a fixture to the junction of the next drainage pipe. 

fixture supply pipe: A water supply pipe connecting a 
fixture to a fixture branch pipe. 

fixture trap: A fitting or device that, when properly 
vented, provides a liquid seal to prevent the emission 
of sewer gases without affecting the flow of wastewa- 
ter or waterborne waste through the trap. 

fixture trim: The water supply and drainage fittings in- 
stalled on a fixture or appliance to control water flow 
into a fixture and wastewater flow from the fixture to a 
sanitary drainage system. 

flammability hazard: Any material susceptible to burn- 
ing due to its form or condition and the surrounding 
environment. 


flapper-type backwater valve: A backwater valve that 
acts as a check valve and has a hinged flap or disc that 
swings open to permit drain flow in the desired direction. 

flood level rim: The top edge of a fixture from which 
water overflows. 


floor drain: A cast iron or plastic plumbing fixture set flush 
with a finished floor and used to receive water drained 
from the floor and convey it to a drainage system. 


floor plan: A plan view of a building that shows the ar- 
rangement of walls and partitions and provides infor- 
mation about windows, doors, cabinets, fixtures, and 
other features as they appear in an imaginary section 
taken from approximately 5’ above floor level. 


floor-set water closet: A water closet installed directly 
on the floor and is common in residential construction. 


floor sink: A floor drain installed in commercial kitchens 
and food markets to indirectly receive waste from food 
preparation and storage equipment and fixtures. 


flow pressure: The water pressure in the water supply 
pipe near an outlet, such as a faucet, measured while 
the outlet is wide open and flowing. Also called work- 
ing water pressure. 


flow rate: The volume of water used by a fixture within 
a given amount of time. 

flow restrictor: A washer-like disk installed in a plumbing 
fixture that reduces the flow of water leaving the fixture. 
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flushometer valve: A flush device actuated by direct 
water pressure to supply a fixed quantity of water for 
flushing purposes. 

flush tank: A reservoir that retains the supply of water 
used to flush one water closet. 

flux: A material used in soldering and brazing to pre- 
vent the formation or facilitate the removal of oxides or 
other undesirable substances from copper tube. 


fly section: The upper section of an extension ladder. 


folding rule: A measuring tool made of short, graduated 
sections fastened together to allow them to pivot and 
fold for convenient carrying or storage. 


food waste disposer: An electric appliance supplied 
with water from a kitchen sink faucet that grinds food 
waste into pulp and discharges the pulp into a drainage 
system. Also called a garbage disposal. 

freestanding bathtub: A bathtub supported by legs and 
not permanently attached to the bathroom walls or 
floor. 


foreman: A journeyman who supervises a group of 
workers. Also called a supervisor. 


front main cleanout: A capped or plugged fitting locat- 
ed near the front wall of a building where the building 
drain exits the building beginning at least 1’ outside the 
foundation footings. 

full S-trap: An S-shaped plumbing trap with the outlet 
extending vertically downward from the crown weir. 


full-way valve: A valve designed to be used in its fully 
open or fully closed position. Also called a shutoff valve. 


G 


galvanized pipe: Steel pipe that is cleaned and dipped 
into a hot (870°F) molten zinc bath to create a protec- 
tive coating. 

garbage disposal: See food waste disposer. 


gas cock: A valve for controlling gas flow to a gas 
appliance. 

gas condensing water heater: A storage water heater 
that uses combustion gases to assist in heating the wa- 
ter located in its storage tank. 

gas water heater: A water heater that utilizes heat pro- 
duced by the combustion of natural or liquefied petro- 
leum gas (LPG) to heat cold water contained within a 
storage tank. 


gate valve: A full-way valve used to regulate fluid flow 
in which a threaded stem raises and lowers a wedge- 
shaped disk, which fits against a smooth machined sur- 
face, or valve seat, within the valve body. 


geothermal heating system: A system that uses residual 
energy from the earth as a heat source and a heat sink. 


globe valve: A valve used to control fluid flow by means 
of a pliable, circular disk that is compressed against 
a valve seat surrounding the opening through which 
water flows. 


goggles: An eye protection device with a flexible frame. 


go/no-go gauge: A flat piece of sheet metal with stan- 
dard-size notches that is used to verify the proper di- 
ameter of PEX crimping rings. 

government department: A federal government depart- 
ment often responsible for developing specifications 
such as the United States Military Standards (MIL STD). 


grade: The slope of a horizontal run of pipe; expressed 
as a fractional inch per foot length of pipe such as 4” 
per foot. Also called pitch. 

granular soil: Soil consisting of gravel, sand, or silt with 
little or no clay content. 


gravity-fed water closet: A water closet that uses the grav- 
ity from water falling from the water closet tank to begin 
the flushing action. Also called a rim jet water closet. 


graywater: Wastewater generated by water flowing 
through fixtures that do not come into contact with or 
contain fecal matter or food solids. 

green building: The practice of efficiently using energy, 
water, and other natural resources to construct and 
maintain buildings. Also called sustainable building. 


grooved end pipe: Steel pipe used for grooved joints that 
has grooves on both ends. 


ground fault circuit interrupter (GFCI): A device that 
protects against electrical shock by detecting an im- 
balance of current in normal conductor pathways and 
opening the circuit. 


guardrail: A rail secured to uprights and erected along 
the exposed sides and ends of a piatform. 


H 


hacksaw: A handsaw used to cut a variety of materials 
including pipe hanger rod, steel pipe, copper tube, and 
plastic pipe. 

Yə §-trap: See P-trap. 

halyard: A rope used for hoisting or lowering objects. 


hammer drill: A drill used for drilling small-diameter 
(up to %”) holes in reinforced concrete construction. 


hand chain: The continuous chain of a hand chain hoist 
grasped by the operator to operate the hoist. 


hand chain hoist: A manually operated hoist used to 
raise and lower sections of pipe or other loads with a 
chain. Also called a chain fall. 


hard copper tube: See drawn copper tube. 


hard hat: See protective helmet. 


hard water: Potable water that contains excessive 
amounts of calctum and magnesium. 


hazardous material: Any material capable of posing a 
risk to health, safety, and property. 


hazardous materials identification system (HMIS): A 
system used to rank the severity of hazards associated 
with a material. 

head: The amount of water pressure in a column be- 
tween points at different elevations; expressed in feet. 


health hazard: Any material likely to cause, either di- 
rectly or indirectly, temporary or perinanent injury or 
incapacitation due to acute exposure by contact, inha- 
lation, or ingestion. 


heat pump water heater: A storage water heater that 
receives heat from the surrounding air and transfers it 
to the water in its enclosed tank. 

hex wrench: A smooth-jawed pipe wrench that provides 
a secure grip on hex nuts, square nuts, unions, and 
valve packing nuts. 


high-efficiency toilet (HET): See ultra-low-flow water 
closet. 


highly cohesive soil: Soil in which gravel or rock par- 
ticles are held together with cohesive particles. 


high-speed drill bit: See twist drill. 


hoist chain: The chain of a hand chain hoist attached to 
a load. Also called a load chain. 


hole saw: A multipiece drill bit that consists of several 
components including a mandrel, pilot bit, and hollow 
cylindrical bit with segmented teeth formed along the 
cutting edge. 


home run: A plumbing design in which centrally located 
manifolds distribute water to each fixture with dedi- 
cated hot and cold water lines. 


horizontal branch: Any soil or waste pipe that receives 
only the discharge from fixtures on the same floor as 
the branch and extends horizontally from a stack. 


horizontal branch drain: Drainage pipe extending hori- 
zontally from a soil or waste stack or building drain 
with or without vertical sections or branches. 

horizontal pipe: Any pipe or fitting that makes an angle 
of less than 45° with the horizontal plane. 

hose bibb: See sillcock. 

hose thread vacuum breaker: A small, inexpensive 
device with hose thread connections attached to sill- 
cocks, service sinks, and other fixtures with hose 
thread connections. 


hydraulic cutter: A pipe cutter used to cut 8” to 15” cast 
iron soil pipe. 
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immersion element: An electric heating device that is 
inserted into the storage tank of an electric water heater 
and makes direct contact with the water to provide fast 
and efficient heat transfer to the water. 


impact flaring tool: A flaring tool that is driven into the 
end of copper tube with a hammer to form a flare. 


improper fraction: A fraction with a numerator larger 
than its denominator such as %. 


incident report: A document that details the facts about 
an incident. 

indirect waste pipe: Waste pipe that does not connect di- 
rectly to a drainage system but conveys liquid waste by 
discharging into a plumbing fixture, interceptor, or re- 
ceptacle that is directly connected to a drainage system. 

individual vent: A pipe that vents an individual fixture 
trap and may terminate into a branch vent, stack vent, 
vent stack, or the open air. 

inflatable test plug: A test plug that is inserted into pipe 
during an air or water test and secured in position by 
inflating the plug with air. 

interference fit: A fit in which the diameter of the inter- 
nal member, such as plastic pipe, is slightly larger than 
the smallest diameter of the external member, such as 
a fitting. 

interior elevation drawing: A scaled view that shows 
the shape and size of the interior walls and partitions 
of a building. 

internal cutter: A plastic pipe cutter used to make ac- 
curate and square cuts from the inside of pipe. 


International Plumbing Code (IPC): A model plumb- 
ing code codeveloped by the Southern Building Code 
Congress International (SBCCI), Building Officials 
and Code Administrators (BOCA), and the Inter- 
national Conference of Building Officials (ICBO) 
through the International Code Council (ICC). 


ion: An individual atom or group of atoms that carries an 
electrical charge. 

isometric piping drawing: A three-dimensional draw- 
ing of a plumbing system in which all horizontal pipes 
are drawn as 30° lines and all vertical pipes are drawn 
as vertical lines. 


J 


jab saw: A handsaw fitted with a hacksaw blade that is 
used when it is difficult to maneuver a hacksaw. 

jet: An orifice (opening) at the base of a bowl that directs 
water into a passageway inlet to help create a siphonic 
flushing action. 

J-hanger: A plastic pipe hanger with an integral lug 
which assists in retaining the pipe in the hanger. 
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J-hook: A plastic pipe hanger that encompasses only a 
portion of the circumference and is driven in at an an- 
gle to trap the pipe between the wood structural mem- 
ber and the J-hook. 

journeyman: Any person who has completed apprentice- 
ship training in a trade and is skilled in a particular field. 


K 


keyhole saw: A handsaw used to cut openings in rela- 
tively thin materials where it is impractical to use a 
reciprocating saw. 

kilogram: The basic unit of weight in the SI metric system. 

kitchen sink: A shallow. flatbottomed plumbing fixture 
that is used to clean dishes and prepare food. 


knee pad: A rubber, leather, or plastic pad strapped onto 
ihe knee for protection. 


L 


ladder: A structure consisting of two side rails joined at 
intervals by steps or rungs for climbing up and down. 

ladder duty rating: The weight a ladder 1s designed to 
support under normal use. 


lagging: A set of wood planks placed between steel 
soldier piles to retain earth on the side of a trench or 
excavation. 


lanyard: A rope or webbing device that connects a har- 
ness or body belt to a lifeline. 

laser torpedo level: A torpedo level equipped with an 
accurate laser beam. 

laundry tray: A plumbing fixture used for prewashing 
clothes and that is commonly installed in a residential 
laundry room. Also called a laundry tub. 

laundry tub: See laundry tray. 

lavatory: A plumbing fixture used to wash the hands and 
face. Also called a washbasin. 

lead: A heavy and dense material with a low melting 
point, low strength, and high rate of expansion. 

lead-free solder: Solder composed of tin, copper, silver, 
bismuth, and selenium alloys that allow the solder to 
flow better than 95/5 solder. 


left-hand bathtub: A bathtub with the drain on the left 
end as a person faces the tub. 


level: A device used to establish accurate horizontal and 
vertical surfaces. 

lever bender: A hand tool used to bend “4” and 3%” 
drawn or annealed copper tube. 


lifeline: A rope or webbing that is attached to a worker 
and tie-off device to prevent the worker from hitting 
the ground or other object during a fall. 


lift-and-turn waste fitting: A combination waste and 
overflow fitting consisting of a stopper with a raised 
knob at the top that is raised and rotated to allow the 
fitting to remain in the drain position. 

lift check valve: A check valve in which backflow is pre- 
vented through the use of a disk that moves vertically 
within the valve body. 


lifting: The hoisting of equipment or materials by me- 
chanical means. 


lift waste fitting: A combination waste and overflow fit- 
ting in which a lifting mechanism within the overflow 
tube is connected by a lever to the stopper in the waste 
shoe (bathtub drain outlet). 


load chain: See hoist chain. 


low-flow aerator: A water- and energy-saving device 
that replaces the existing aerator on a faucet. 


M 
main: A water distribution pipe that is the principal pipe 
artery to which branches can be connected. 


main vent: The principal artery of a vent system to which 
vent branches may be connected. 


manometer: A clear U-shaped tube partially filled with 
water that is used to measure pressure within a closed 
system. 


manometer test: See final air test. 


Manufacturers Standardization Society of the Valve 
and Fittings Industry (MSS): A technical society 
organized for the development and improvement of 
plumbing industry, national, and international stan- 
dards for valves, pipe fittings, flanges, pipe hangers, 
and related seals. 

material handling: The rigging, lifting, and transporting 
of a load by mechanical means. 

material lift: A mobile lifting apparatus used to trans- 
port, hoist, or stack materials using hydraulic and me- 
chanical systems. Also called a construction forklift. 


material safety data sheet (MSDS): Printed documenta- 
tion used to relay hazardous material information from 
a manufacturer, importer, or distributor to a worker. 


maximum intended load: The total of all loads, includ- 
ing the working load, the weight of the scaffold, and 
any other loads that may be anticipated. 

Mechanical Contractors Association of America 
(MCAA): A trade association that represents member 
contractors in the installation of plumbing, heating, re- 
frigeration, and air conditioning systems. 


mechanically sealed trap: A prohibited trap in which a 
movable internal mechanism forms a trap seal. 


mechanical test plug: A test device inserted into the end 
of a pipe and secured using mechanical means to pre- 
vent air or water leakage during an air or water test. 

meter: 1. The basic unit of length in the SI metric sys- 
tem. 2. A device, such as a water meter, used to mea- 
sure and indicate water flow. 


midrail: A rail secured to uprights approximately mid- 
way between a guardrail and platform. 

milliamp process clamp meter: A handheld battery- 
operated ammeter that takes current measurements in 
tight spaces without breaking an electrical circuit. 

mixed number: A value that consists of a whole number 
and a proper fraction such as 1. 


model code: A building code developed by a regional 
committee of code enforcement officials. 


mop basin: A floorset basin used for cleaning and other 
maintenance tasks. Also called a mop receptor. 


mop receptor: See mop basin. 


motor vehicle: A light- or heavy-duty truck, van, or 
piece of equipment that can operate on a job site and 
public roadways. 

multifunction screwdriver: A hand tool used to tighten 
or loosen a variety of sizes and types of fasteners. 


multimeter: A test instrument used to measure two or 
more electrical quantities. 


N 


National Plumbing Code of Canada (NPC): The na- 
tional standard of plumbing regulations in Canada that 
applies to residential and commercial construction 
projects. 

National Standard Plumbing Code (NSPC): A model 
plumbing code based on the format and language of 
never-ratified drafts of the A40 Standard updates. 


negative pressure: Pressure less than atmospheric pres- 
sure (14.7 psi at sea level). 


95/5 solder: Solder composed of 95% tin and 5% an- 
timony and that has a higher soldering temperature, 
better strength, and higher electrical conductivity than 
common tin/lead solders. 

nipple: A short piece of pipe, typically less than 12” in 
length, with threads on each end. 

nominal pipe size [iron pipe size (IPS)]: The approxi- 
mate inside diameter of steel pipe. 

nonrated globe valve: A globe valve in which the valve 
seat diameter is less than the stated size of the valve. 
Also called a compression stop. 

nonrising stem-inside screw gate valve: A gate valve in 
which neither the handwheel nor the stem rises when 
the valve is opened. 
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nontoxic substance: A substance that creates a non- 
health-hazard or is a nuisance. 


O 


occupational irritant contact dermatitis: Inflamma- 
tion caused by irritants found on a job site that come 
into direct contact with the skin. 


Occupational Safety and Health Administration 
(OSHA): A federal agency that requires all employers 
to provide a safe environment for employees. 


offset: A combination of elbows or bends that brings one 
section of pipe out of line but into a line parallel with 
the other section. 


offset distance: The horizontal distance between the 
centerlines of the two vertical sections of pipe to be 
offset. 


offset pipe wrench: A general-purpose pipe wrench 
used in tight quarters, such as inside a wall cavity, to 
assemble 1⁄2” to 3” pipe. 


oiler: A device used to apply oil to dies and capture used 
oil in a reservoir for recirculation. 


one-stop wrench: A wrench consisting of two wrenches 
in one. 


overrim bathtub fitting: A bathtub water supply fitting 
that consists of a faucet assembly and mixing spout. 


P 


parallax error: A measurement error caused by an im- 
proper viewing angle of the pointer slightly above a scale. 


partial vacuum: A condition in which the pressure with- 
in a system is less than atmospheric pressure (14.7 psi 
at sea level). 


passageway: The channel that connects a water closet 
bowl to an outlet. 


pasty range: The temperature range within which solder 
is neither completely solid nor completely liquid, and 
the working temperature range for a particular type of 
solder. 


pawl lock: A pivoting hook mechanism attached to the 
fly section of an extension ladder to hold the fly section 
at the desired height. 


pedestal lavatory: A two-piece lavatory with a washba- 
sin resting directly on a pedestal base. 

pencil-type deburring tool: A hand tool that is used to 
remove the burrs from inside plastic pipe. 

percent grade: The fall (in feet) per 100° of pipe run. 


perforated strap iron: Three-quarter-inch strap iron 
with punched holes along its length that is used to sup- 
port horizontal pipe runs between joists. 
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peroxide: See Engel process. 

personal protective equipment (PPE): Safety equipment 
used to protect against safety hazards in the work area. 

pipe: A cylindrical tube used for conveying potable wa- 
ter, wastewater, waterborne waste, and air from one 
location to another. 

pipe cap: A test device installed on the outside of a pipe 
end. 

pipe cutter: A hand tool consisting of a cutting wheel or 
series of cutting wheels fastened to a rigid frame that 
is used to make a square cut on pipe. 

pipe dope: See thread sealant. 

pipe groover: An adjustable tool used to cut a standard 
groove in 2” to 8” steel pipe. 

pipe hook: A one-piece plastic or steel pipe hanger se- 
cured to horizontal structural components using nails 
or screws. 

pipe plug: A test device installed on the inside of a pipe 
end. 


pipe reamer: A conical tool that is rotated inside the end 
of steel pipe to remove burrs. 

pipe strap: A one-piece pipe clamp secured to a stud 
with nails or screws. 

pipe support: An accessory used to support long lengths 
of pipe and that must be used with a pipe machine to 
prevent the pipe from tipping the machine over. 


pipe threader: A tool used to cut threads in steel pipe; it 
consists of dies, a die head, and one or more handles. 


pipe vise: An assembly for holding pipe in place during 
cutting, threading, or grooving operations. 


pipe wrench: A hand tool with serrated, adjustable jaws 
that is used to assemble threaded pipe and fittings. 


pi tape: A measuring device commonly included with 
a roll grooving tool and that is wrapped around the 
circumference of a groove to accurately measure the 
groove diameter. 


pitch: See grade. 


plain-end pipe: Steel pipe that is not threaded or grooved 
on the ends. 


plastic: A synthetic material manufactured from petro- 
leum-based products and chemicals such as oil, natural 
gas, and coal. 


Plastic Pipe and Fittings Association (PPFA): A na- 
tional trade association that represents the manufac- 
turers of plastic pipe, fittings, and solvent cements for 
plumbing and related applications and the suppliers of 
raw materials or equipment for the manufacturing pro- 
cess of these items. 


plastic pipe ratchet cutter: A plastic pipe cutter that is 
used to cut plastic pipe up to 1”. 


Plastics Pipe Institute (PPI): A trade association that 
represents all segments of the plastic pipe industry. 
plot plan: A civil drawing that shows the shape and size 
of a building lot and the location, shape, and size of a 

building on the lot. 


plug valve: See core cock. 


plumb bob: A cone-shaped metal weight fastened to a 
string that is used to establish a true plumb line (verti- 
cal line). 


plumbing: A trade that involves the installation, remov- 
al, or modification of plumbing systems for the purpose 
of conveying a water supply and removing wastewater 
and waterborne waste. 


plumbing fixture: Any receptacle or device that is con- 
nected permanently or temporarily to a water distribu- 
tion system, demands a supply of potable water, and 
discharges waste directly or indirectly into a sanitary 
drainage system. 

Plumbing-Heating-Cooling Contractors—National 
Association (PHCC): A trade association for con- 
tractors working in the plumbing, heating, and cool- 
ing industry. 

Plumbing Manufacturers Institute (PMI): A trade as- 
sociation of plumbing product manufacturers. 

plumbing system: The system of pipes, fittings, and de- 
vices within a building that includes water supply dis- 
tribution pipes; fixtures and fixture traps; soil, waste, 
and vent pipes; building drain and building sewer; and 
a stormwater drainage system with its devices, appur- 
tenances (accessories), and connections inside and out- 
side the building. 


polyethylene (PE): A thermoplastic material made from 
the polymerization of ethylene. 


polyvinyl chloride (PVC): A plastic material used for 
sanitary drainage and vent piping, aboveground and 
underground stormwater drainage, water mains, and 
water service lines. 

popup waste fitting: A lavatory drain fitting that consists 
of a brass waste outlet into which a sliding metal or 
plastic stopper is fitted. 


portable band saw: An electric saw used to cut metal 
and plastic pipe and other materials. 


port control faucet: A single-handle, noncompression 
faucet that contains ports for the hot and cold water 
supply and a cartridge or ceramic disc that opens and 
closes the ports as the faucet handle is moved or ro- 
tated. Also called a single-handle faucet. 


positive pressure: Pressure greater than atmospheric 
pressure (14.7 psi at sea level). 


potable water: Water that is free from impurities that 
could cause disease or harmful physiological effects. 


potable water supply system: A system that includes a 
water service pipe, water distribution pipes. connecting 
pipes, fittings, control valves, and appurtenances inside 
or outside of a building but within property lines. 

pressure-balancing valve: An integral temperature-con- 
trol device that prevents surges of hot and cold water 
through the use of a sensitive diaphragm within the 
device. 

pressure flush water closet: A water closet in which 
water is stored in a 1.6 gal. pressure tank before it is 
discharged to the fixture at a high velocity. 

pressure loss due to friction: The pressure variation re- 
sulting from friction within the pipe between a street 
water main and water supply outlet where the water is 
being used. 


pressure-reducing valve: An automatic device used 
to convert high and/or fluctuating water pressure to a 
lower and constant pressure. Also called a pressure- 
regulating valve. 


pressure-regulating valve: See pressure-reducing valve. 


pressure relief valve: A safety device used to automati- 
cally lower excessive pressure in a closed plumbing 
system. 


pressure vacuum breaker (PVB): An atmospheric 
vacuum breaker used for continuous or noncontinuous 
water pressure applications; it can be tested while the 
device is installed in the piping. 

primer: A chemical agent that cleans and softens the 
surface of plastic pipe and fittings and allows solvent 
cement to penetrate more effectively into the pipe. 

print: A drawing of a building structure and all of its 
components. 

projected roof area: The area (in sq ft) of a portion of a 
roof drained by a particular pipe. 


proper fraction: A fraction with a numerator smaller 
than its denominator such as %. Also called a common 
fraction. 


protective helmet: A hat made of plastic or metal that 
protects a worker from injury caused by impact, fall- 
ing or flying objects, or electrical shock. Also called a 
hard hat. 

P-trap: A type of trap with a dip (lowered area) for re- 
taining wastewater to form a seal against sewer gases 
entering a living area. Also called a 1⁄2 S-trap. 

pump pliers: See slip-joint pliers. 

push-type PEX fitting: A plumbing connection that uses 
an interlocking mechanism to connect to PEX tubing. 


Glossary | 499 


Q 


qualified person: A person who has special knowledge. 
training, and experience in performing specified duties. 

quick-opening die head: A die head with a lever at the 
top that is raised to manually retract the dies and re- 
lease the pipe when the thread has been cut to the de- 
sired length. 


R 

radiation process: A PEX manufacturing process in 
which polyethylene is subjected to high-energy elec- 
trons to form a cross-linked bond. 


radius: The distance from the center point to the circum- 
ference of a circle; equal to one half of the diameter. 


rain barrel: A container that holds the rainwater from a 
building roof. 


rainwater collection system: A rainwater harvesting 
system that discharges collected rainwater into a hold- 
ing tank through the use of gutters connected to a roof, 
downspouts, and yard drains. 


rainwater harvesting: The process of collecting water 
from roofs and paved or vegetated ground for reuse. 


rainwater leader: A pipe that conveys rainwater from a 
roof to a storm drain or other point of disposal. 


ratchet bender: A hand tool used to bend 1⁄2” to 3⁄4” 
drawn copper tube. 


ratchet lever hoist: A manually operated hoist used to 
raise and lower heavy sections of pipe or other loads 
by moving a ratchet lever back and forth. Also called 
a come along. 


rated globe valve: Globe valve that has a full-size valve 
seat opening. 


rated valve: A valve that meets or exceeds engineering 
criteria for the normal pressure range of the fluids con- 
tained within the system it is controlling. 


reactivity hazard: Any material likely to release en- 
ergy by itself or by exposure to certain conditions or 
substances. 


recessed bathtub: A bathtub permanently attached or 
built into the walls and floor of a bathroom. Also called 
a built-in bathtub. 


reciprocating saw: A general-purpose electric or bat- 
tery-powered saw used in wood frame construction to 
cut holes over 2”. 


reclaimed water: Wastewater that sometimes requires 
treatment to meet the federal requirements for its in- 
tended use as nonpotable water. 


reduced pressure zone (RPZ) backflow preventer: A 
device that provides backflow protection for the potable 
water supply consisting of two independently operated 
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check valves with an automatic operating differential re- 
lief valve located between the two check valves. 

reducing fitting: A pipe fitting in which the dimension 
of at least one opening is smaller than other openings, 
such as a ¥2” x 1⁄4” 90° ell or 34” x 1⁄2” tee. 

reinforced concrete: Concrete reinforced with steel re- 
inforcement such as steel bars (rebar) and welded wire 
fabric (wire mesh). 

relief valve: A safety device that is activated to open 
when pressure and/or temperature in a closed plumb- 
ing system exceeds safe operating limits. 

relief vent: A vent that primarily provides additional air 
circulation between drainage and vent systems or serves 
as an auxiliary vent on specially designed systems. 


residential dual check valve: A device used to provide 
backflow protection for the potable water supply from 
cross connections within a residence. 

rigging: Securing equipment or materials in preparation 
for lifting by means of a rope, cable, chain, or web sling. 

right-angle drill: A corded or cordless drill commonly 
used to drill holes squarely through studs or joists 
spaced 16” or 24” on center (OC). 


right-hand bathtub: A bathtub with the drain on the 
right end as a person faces the tub. 


rim jet water closet: See gravity-fed water closet. 


rim wrench: A hand tool used to tighten the rim clamps 
that secure a kitchen sink or lavatory to the underside 
of a countertop. 

rise: The vertical distance a pipe is offset in a rolling offset. 

riser: Water supply pipe that extends vertically one full 
story Or more to convey water to fixture branches or to 
a group of fixtures. 

riser clamp: A two-piece pipe clamp used to support ver- 
tical runs of steel pipe, cast iron pipe, and copper tube. 

rising stem-inside screw gate valve: A gate valve in 
which the unthreaded stem and handwheel rise as the 
valve is opened to indicate the position of a wedge disk. 

rising stem-outside stem and yoke (OS&Y) gate valve: 
A gate valve in which the threaded stem of the valve 
rises as the valve is opened. 

rodding: A method of drain cleaning that uses a cutting 


head attached to a flexible rod or cable to clear a drain 
line of a clog or obstruction. 


roll groover: A tool used to form a small-radius groove 
on the end of copper tube. 


rolling offset: An offset in which the centerline of a pipe 
changes direction both horizontally and vertically. 


roof drain: A drain that receives the rainwater collecting 
on a roof surface and discharges it into a rainwater leader. 


roof flange: See roof jacket. 


roof jacket: A jacket or flange installed on the roof ter- 
minal of a vent stack and stack vent to seal the opening 
so that rainwater cannot enter the building around the 
vent pipe. Also called a roof flange. 


rope grab: A device that clamps securely to a rope. 
rotary hammer: A drill used to drill holes up to 34” di- 


ameter in concrete or masonry construction with solid 
drill bits. 


rough-in: The installation of ail parts of a plumbing sys- 
tem that can be completed prior to the installation of 
any fixtures. Also called rough plumbing. 


rough plumbing: See rough-in. 
run (length): The horizontal distance a pipe covers: ex- 
pressed in feet. 


running trap: A plumbing trap in which the inlet and 
outlet are aligned horizontally, with a dip between the 
inlet and outlet to retain wastewater. 


S 


safety glasses: An eye protection device with special 
impact-resistant glass or plastic lenses, reinforced 
frames, and side shields. 


safety net: A net made of rope or webbing for catching 
and protecting a falling worker. 


sanitary drainage pipe: A pipe that removes wastewa- 
ter and waterborne waste from plumbing fixtures and 
conveys these wastes to a sanitary sewer or other point 
of disposal. 


sanitary drainage system: A system of sanitary drain- 
age pipes and fittings that conveys wastewater and wa- 
terborne waste from plumbing fixtures and appliances 
to a Sanitary sewer. 


sanitary sewer: A sewer that carries sewage but does 
not convey rainwater, surface water, groundwater, or 
similar nonpollutional wastes. 

scaffold: A temporary or movable platform and struc- 
ture for workers to stand on when working above floor 
level. 

schematic piping drawing: A drawing of a piping sys- 
tem without regard to scale and the exact location of 
the fixtures shown. Also called a diagrammatic piping 
drawing. 

scissors cutter: A plastic tubing cutter in which the han- 
dles are squeezed together to cut the tubing. 


scissors lift: An aerial lift in which the work platform is 
raised and lowered by mechanical scissors action using 
an electrical or hydraulic power source. 

seamless pipe: Steel pipe made by piercing a solid cylin- 
drical steel billet with a series of mandrels while pass- 
ing the billet through rollers. 


sectional metal-framed scaffold: A metal scaffold con- 
sisting of preformed tubular sections and components. 
Also called a tube-and-coupler scaffold. 

section drawing: A scaled view created by passing an 
imaginary cutting plane through a portion of a building. 

self-feed bit: A solid bit used to bore 1” to 4°54” diameter 
holes in wood studs and floors. 


self-rimming kitchen sink: A kitchen sink in which the 
bowl is placed in an opening in the countertop and the 
edge of the fixture rests directly on top of the countertop. 


self-rimming lavatory: Lavatory in which the bowl is 
placed in an opening in the countertop and the edge of 
the fixture rests directly on top of the countertop. 


self-siphonage: A type of trap siphonage that is the re- 
sult of unequal atmospheric pressures caused by rapid 
flow of wastewater through a trap. 


self-tinning flux: Flux that contains a tinning agent and 
cleans, fluxes, and tins the surfaces of copper tube and 
fittings for a superior bond. 


service sink: A high-back sink with a deep basin used 
for filling and emptying scrub pails, rinsing mops, and 
disposing of cleaning water. Also called a slop sink. 

sewage: Liquid waste containing animal or vegetable 
matter in suspension or solution and that may include 
liquids containing chemicals. 


sewer gas: A mixture of vapors, odors, and gases and 
is the by-product of the decomposed organic material 
found in sewers. 

sheet metal snips: Snips used to make straight cuts in 
light-gauge sheet metal. Also called tin snips. 

shielding: The use of a portable protective device ca- 
pable of withstanding cave-in forces. 

shock absorber: See water hammer arrestor. 


shoring: The use of wood or metal members to tempo- 
rarily support soil or construction materials. 


shoulder nipple: A nipple that is threaded on the ends 
and has a short portion of unthreaded pipe in the middle. 


shower: A plumbing fixture that discharges water from 
above a person who is bathing. Also called a shower bath. 

shower bath: See shower. 

shutoff valve: See full-way valve. 

sidewall fusion: The process of attaching a saddle-type 
fitting to the external surface of a pipe using heat and 
pressure. 

silane process: A PEX manufacturing process in which 
silane molecules are bonded to polyethylene molecules 
during the extrusion process, resulting in greater man- 
ufacturing efficiency and productivity. 

silicosis: A lung disease caused by inhaling dust contain- 
ing crystalline silica particles. 
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sillecock: A valve with integral external threads installed 
on the exterior of a building for the attachment of a 
garden hose. Also called a hose bibb. 


SI (Systeme International) metric system: A decimal 
measurement system based on the meter and kilogram. 


single-handle faucet: See port control faucet. 


single ladder: A ladder of fixed length having only one 
section. 

siphon jet urinal: A wall-hung urinal in which the trap 
seal is forced from a trap through a large opening at 
the trap inlet. 


siphon jet water closet: A water closet with a siphonic 
passageway at the rear of the bowl and an integral flush 
rim and jet. 


sledgehammer: A heavy striking tool with two striking 
faces used to drive stakes into the ground and other 
heavy work. 

slip-joint pliers: Pliers used for a variety of applications 
including tightening nuts, bolts, fittings, and unplated 
trap nuts. Also called pump pliers. 

slop sink: See service sink. 

smoke chamber: A device constructed of a short sec- 
tion of large-diameter pipe and two reducer fittings 
into which a smoke cartridge is placed. 

smooth-jawed pliers: Pliers used to tighten small 
chrome-plated nuts such as the nuts used for flush 
valves. 


socket fusion: The process of joining two pipes together 
by heat fusion using a socket. 
soft copper tube: See annealed copper tube. 


soft skill: A nontechnical skill in the area of interper- 
sonal relations, project management, negotiation, or 
relationship building. 

soil pipe: A pipe that conveys the discharge of water 
closets or other similar fixtures containing fecal mat- 
ter, with or without the discharge of other fixtures, to a 
building drain or building sewer. 


soil pipe assembly tool: A hand tool that provides the 
leverage necessary to pull bell and spigot ends together 
when assembling bell-and-spigot cast iron soil pipe. 

soil pipe ratchet cutter: A pipe cutter used to cut 114” 
to 8” cast iron soil pipe. 


soil stack: A vertical drainage pipe that extends one or 
more floors and receives the discharge of water closets, 
urinals, and similar fixtures. 


solar thermal water heater: A water heating system 
that uses radiant energy from the sun as a heat source. 


soldering: A copper tube joining method that uses non- 
ferrous filler metal with a melting temperature of less 
than 840°F. 
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soldier pile: A vertical steel H-beam that is driven into 
the ground. 

solid bit: A drill bit manufactured from a solid cylindri- 
cal piece of steel and that has cutting lips along the 
edges of its spiral shaft. 

solid-wedge disk gate valve: A gate valve in which a 
one-piece solid bronze wedge fits against a valve seat 
to restrict fluid flow. 


solvent cement: A chemical agent that penetrates and 
softens the surface of plastic pipe and fittings. 

solvent cementing: The process in which plastic pipe 
and fittings are fused together by softening the adjoin- 
ing surfaces with a chemical agent. Also called solvent 
welding. 

solvent welding: See solvent cementing. 


spade bit: A solid bit used to bore 1⁄4” to 11⁄2” holes in wood 
and plastic and that has cutting lips at the outside edges. 


specification: Written information from an architect or 
engineer that supplements a print and provides addi- 
tional details that could not be shown on the print or 
that requires additional description. 


specific hazard: The extraordinary properties and haz- 
ards associated with a particular material. 


spiral-cut saw: See cutout saw. 


split-wedge disk gate valve: A gate valve in which a 
two-piece bronze wedge fits against the seat to restrict 
fluid flow. 


spread: The horizontal centertocenter distance between 
pipes in a multiple-pipe offset. 

spring bender: A hand tool for free-form bending of an- 
nealed copper tube from 4” to 3⁄4” in size. 


squeeze cutter: A pipe cutter used to cut 114” to 6” cast 
iron soil pipe; typically used to cut no-hub soil pipe. 

stack: Any vertical line of soil, waste, or vent pipe ex- 
tending through one or more stories. 


stack cleanout: A capped or plugged fitting that allows 
access to a stack for removing a stoppage from a pipe. 

stack group: A group of fixtures located next to a stack 
so that vents may be reduced to a minimum using the 
proper fittings. 

stack vent: The extension of a soil or waste stack above 
the highest horizontal drain connected to the stack. 


steel tape: Measuring tape consisting of a long, continu- 
ous steel strip that 1s graduated in standard increments. 
Also called a tape measure. 


stepladder: A folding ladder that stands independently 
of support. 


stop-and-waste valve: A nonrated globe valve with a 
side port in the valve body, which is used to drain fluid 
from the outlet side of the valve. 


stop box: An adjustable cast iron box that is flush with 
the finish grade, capped with a removable iron cover, 
and usually secured with a bolt with a five-sided head 
to prevent tampering. Also called a curb box. 


storm sewer: A sewer used for conveying groundwater, 
rainwater, surface water, or similar nonpollutional wastes. 

stormwater drainage system: A piping system used 
to convey rainwater or other precipitation to a storm 
sewer or other place of disposal. 

straight fitting: A pipe fitting in which all openings are 
the same dimension. 


straight pipe wrench: A general-purpose pipe wrench 
used to assemble 1%” to 8” pipe. 

S-trap: An S-shaped water seal trap. 

strap wrench: A hand tool used to tighten chrome-plat- 
ed pipe and fittings so that they will not be marred. 

superheated water: Water under pressure that is heated 
above 212°F without becoming steam. 

superintendent: The person who is in charge of all field 
work for a contractor and oversees the work of supervi- 
sors and general supervisors. 

supervisor: See foreman. 

sustainable building: See green building. 

swing check valve: A check valve in which backflow is 


prevented through the use of a hinged disk within the 
valve body. 


T 


tape measure: See steel tape. 


talon: A pipe hanger that grasps pipe but allows for ther- 
mal expansion of the pipe. 


technical society: An organization composed of groups 
of engineers and technical personnel that are united by 
a professional interest. 

temperature and pressure (T&P) relief valve: A safety 


device used to protect against excessive temperature 
and/or pressure in a water heater. 


test cap: A reinforced mechanical plug that seals over 
the outside end of plastic, steel, copper, and cast iron 
soil pipe. 

test gauge assembly: A test device used to measure the 
pressure within waste and vent, water, gas, air, or other 
piping systems to ensure the system is maintaining the 
proper pressure. 

thermocouple: A small electric generator made of two 
different metals that are firmly joined and that is used 
as a safety device for gas-powered appliances. 


thermoplastic resin: A plastic resin that can be heated 
and reformed repeatedly with little or no degradation 
in physical characteristics. 


thermosetting resin: A plastic resin that cannot be re- 
melted after it is formed and cured in its final shape. 


thermostatic valve: An integral temperature-control 
device that regulates the flow of hot and cold water 
through the use of a thermostat within the device. 


threaded and coupled (T&C) pipe: Steel pipe used for 
threaded joints that has threads on both ends of the pipe 
and a coupling on one end. 


thread sealant: Material applied to male pipe threads to 
lubricate the threads during installation and to ensure a 
watertight joint. Also called pipe dope. 


3⁄4 S-trap: A prohibited S-shaped plumbing trap with the 
outlet extending downward at an angle from the crown 
weir. 

throttling valve: See control valve. 

tin snips: See sheet metal snips. 

toeboard: A barrier secured along the edges of a plat- 
form to keep tools and other objects from falling. 


toilet: See water closet. 

top support: The area of a ladder that makes contact 
with a structure. 

torpedo level: A short level that uses an air bubble lo- 
cated inside a liquid-filled vial to establish plumb and 
level references. 

toxic substance: A solid, liquid, or gas that creates, or 
may create, danger to the health and well-being of con- 
sumers if it is introduced into the potable water supply. 


trade association: An organization that represents the 
producers of a specific product. 


trap: A fitting or device that, when properly vented, pro- 
vides a liquid seal in drainage piping to prevent the es- 
cape of sewer gases into a living area without materially 
affecting the sewage or wastewater flow through it. 


trapeze hanger: A pipe hanger used to support multiple 
horizontal pipes; it consists of a channel bracket on 
which the pipes rest and straps that secure the pipes in 
position. 

trap primer: A device that adds a small amount of water 
to a floor drain trap to ensure an adequate trap seal. 


trap seal: 1. The vertical distance between the crown 
weir and the top dip of a trap. 2. The height of water 
in a water closet bowl that prevents sewer gases from 
entering a living area. 

trap siphonage: The process of conveying liquid through 
a pipe by means of suction. 

travel length: The distance from the center of one offset 
fitting to the center of the other offset fitting. 


trench: A narrow excavation made below the surface of 
the ground. 
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trench box: A reinforced assembly consisting of two 
plates held apart by spacers; it is used to prevent the 
sides of a trench from collapsing into the work area. 

tube-and-coupler scaffold: See sectional metal-framed 
scaffold. 

tube end notcher: A manually operated cutter that cuts 
a curved notch and produces two dimples simultane- 
ously on a branch tube. 


tubing cutter: A cutting tool consisting of a cutting wheel 
(or series of cutting wheels) and guide wheels attached 
to a rigid frame used to make a square cut on tubing. 

turbine water meter: A water meter used to measure 
large and constant volumes of water in buildings such 
as hotels, multifamily dwellings, and manufacturing 
and processing plants. 


twist drill: A general-purpose solid bit commonly used 
to drill small holes (up to 1” diameter) in wood or light- 
gauge metal. Also called a high-speed drill bit. 


two-tank automatic water softener: A water softener 
that has separate mineral (zeolite) and brine tanks. 


tying off: Securely connecting a harness or body belt 
directly or indirectly to an overhead anchor point. 


U 


ultra-low-flow urinal: A urinal that uses a reduced 
amount of water to flush liquid waste. 


ultra-low-flow water closet: A water closet that includes a 
pressure tank to produce a pressure-assisted or vacuum- 
assisted flush. Also called a high-efficiency toilet (HET). 

ultrasonic leak detector: A sensitive microphone probe 
and amplifier system that is used to locate leaks in wa- 
ter supply and distribution piping. 

undercounter kitchen sink: A kitchen sink attached to 
the underside of a countertop using rim clamps or other 
proprietary hardware. 

undercounter lavatory: A lavatory attached to the un- 
derside of a countertop using rim clamps or other pro- 
prietary hardware. 


Uniform Plumbing Code (UPC): A model plumbing 
code developed and sponsored by the International 
Association of Plumbing and Mechanical Officials 
(IAPMO). 


United Association of Journeymen and Apprentices 
of the Plumbing and Pipe Fitting Industry of the 
United States and Canada (UA): A multicraft union 
whose members fabricate., install, and service piping 
systems. 


urinal: A plumbing fixture that receives only liquid body 
waste and conveys the waste through a trap seal into a 
sanitary drainage system. 
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V 


vacuum breaker: A backflow prevention device that 
protects against back-siphonage by admitting air to 
the water supply piping through vents or ports on the 
discharge side of the device. 

vacuum breaker trap primer: A trap primer that is 
tapped into the side of the vacuum breaker tube on a 
water closet flushometer valve. 


valve: A fitting used to regulate fluid flow within a system. 
vanity lavatory: See countertop lavatory. 
vanitytop lavatory: A onepiece washbasin and counter- 


top installed on top of a bathroom or rest room cabinet 
or supported from wall framing members. 


vented closet cross: A specially designed fitting for offset- 
ting a water closet on a lower floor from a stack to prop- 
erly vent a water closet. Also called a vented closet tee. 


vented closet tee: See vented closet cross. 


vent pipe: Pipe that ventilates the drainage system of a 
building and prevents trap siphonage and back pressure. 

vent piping system: Vent pipes and fittings that provide 
circulation of air to or from a sanitary drainage system 
and air circulation within the sanitary drainage system 
to protect trap seals from siphonage or back pressure. 

vent stack: Vertical pipe that provides the circulation of 
air to and from a drainage system. 

vertical pipe: Any pipe or fitting that makes an angle of 
45° or less with the vertical plane. 

vertical shoring: Shoring that uses opposing vertical 
structural members separated by screwjacks or hy- 
draulic or pneumatic cylinders (cross braces). 

video inspection: The process of using a small waterproof 
camera mounted on the end of a fiber-optic line to visu- 
ally inspect the interior of a sewer, drain line, or vent. 

vitreous china: A ceramic compound fired at high tem- 
perature to form a nonporous material with a ceramic 
glaze fused to the surface. 

voltage indicator: A test instrument that indicates the 
presence of voltage when the test tip touches, or is 
near, an energized conductor or metal part. 

voltmeter: A test instrument that measures voltage. 


volume: The three-dimensional capacity of an object 
such as a tank or pipe; expressed in cubic units such as 
cubic inches or cubic feet. 


W 


waler: A horizontal support member used to retain 
trench sheet piling. 

wall-hung lavatory: A lavatory supported by a stamped 
steel or cast iron bracket fastened to a backing board in- 
stalled between wall framing members when the fixture 
is roughed in. 


wall-hung water closet: A water closet suspended from 
the wall on a supporting chair carrier and used in com- 
mercial construction. 

washbasin: See lavatory. 


washout urinal: A urinal in which liquid waste is washed 
from a trap rather than flushed. 

waste pipe: A pipe that conveys only liquid waste that 
is free of fecal matter, such as a pipe extending from a 
lavatory or bathtub. 

waste stack: A vertical drainage pipe that extends one or 
more floors and receives the discharge of fixtures other 
than water closets and urinals. 


water closet: A waterflushed plumbing fixture that 
receives human liquid and solid waste in a water- 
containing receptacle and, upon flushing, conveys the 
waste to a soil pipe. Also called a toilet. 


water closet seat: A device installed above the rim of a 
water closet to support the user of the fixture. 


water cooler: A wall-hung plumbing appliance that 
incorporates an electric cooling unit into a drinking 
fountain to provide cooled drinking water at a desired 
temperature. 

water distribution pipe: A pipe that conveys water from 
a water service pipe to the point of use. 

water filter: A plumbing appliance that removes sand, 
sediment, chlorine, lead, and other undesirable ele- 
ments from water and protects water heaters and other 
fixtures and appliances from collecting residue. 

water hammer: A water supply system defect in which a 
loud noise is created when a quick-closing valve, such as 
a clothes washer valve or ball valve, is suddenly closed. 

water hammer arrestor: A device installed on water 
supply pipe near the fixture with the quickclosing valve 
to control the effects of water hammer. Also called a 
shock absorber. 

water heater: A plumbing appliance that incorporates 
limiting controls for heating water up to 210°F. 

water jetting: A method of drain cleaning that uses high- 
pressure water directed through a hardened steel or 
brass nozzle to open and clean drain lines. 


waterless urinal: A urinal designed to allow urine to 
flow through a trap device without the use of water. 


water main: Pipe that conveys potable water for public or 
community use from a municipal water supply source. 


water meter: A device used to measure, in cubic feet or gal- 
lons, the amount of water flowing through a water service. 


water outlet: An opening through which water is con- 
veyed to a fixture, boiler, or heating system; to equip- 
ment that is not part of a plumbing system but requires 
water to operate; or into the atmosphere. 


water reclamation: The processing of water that was 
intended to go down a sanitary or storm sewer. 


water-saver trap primer: A trap primer that uses the 
temporary head of water created when a lavatory 1s 
discharged to cause an overflow into the trap primer 
tube. 

water service: A pipe extending from a corporation 
cock, water main, or other source of water supply to 
the water distribution system of a building. Also called 
a water service pipe. 

water service pipe: See water service. 

water softener: A plumbing appliance that removes dis- 
solved minerals, such as calcium and magnesium, from 
water by an ion-exchange process. 

water spot: The surface area of the water in a water 
closet bowl when a flush is completed: usually mea- 
sured in inches of width by length. Also called water 
surface. 


water supply fixture unit (wsfu): A measure of the esti- 
mated water demand of a plumbing fixture. 


water supply fixture unit sizing method: A common 
method of properly sizing water supply piping for 
buildings that require a 2” or smaller water service and 
in which the distribution piping does not exceed 242” 
in size. 

water surface: See water spot. 


water test: A plumbing system test in which pipe open- 
ings are sealed with plugs or caps and the pipe is filled 
with water to provide a specified amount of pressure 
to the plumbing system to determine the tightness of 
the system. 


welded pipe: Steel pipe manufactured by drawing flat 
steel strips through a die to form a cylindrical shape 
and then electric butt-welding the seam to create a 
leakproof joint. Also called butt-welded or continuous 
weld pipe. 

wet vent: Any portion of a vent pipe through which liq- 
uid waste flows. 

whirlpool bathtub: A plumbing fixture equipped with 
water and air circulation equipment and is used to 
bathe and massage the entire body. 

wood shoring: Shoring that uses wood components for 
stringers, braces, and piling. 

working height: The distance from the ground to the top 
support of a ladder. 

working water pressure: See flow pressure. 

workplace hazardous materials information system 
(WHMIS): A Canadian safety and health communi- 
cation standard that provides information on hazardous 
workplace materials. 
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wraparound clamp: A plastic pipe hanger that fully en- 
compasses the circumference of the plastic pipe. 

wrist blade handle: An ADA-compliant faucet handle 
that does not require tight grasping by the hand or 
twisting of the wrist to properly operate a faucet. 


Y 

yoke-and-screw flaring tool: A flaring tool in which a 
flare is formed by forcing a conical flare cone into the 
end of copper tube. 

yoke pipe vise: A pipe vise that holds pipe using a yoke 
that is tightened down on the pipe with a threaded stem. 


yoke vent: Vent pipe connecting upward from a soil or 
waste stack to a vent stack to prevent pressure differ- 
ences in the stacks. 


Z 


zeolite: A synthetic resin bead used as the ton-exchange 
medium in the ion-exchange process. 
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A40 Standard, 12-13 
abbreviations. 20 
aboveground pipe installation and 
support, 202. 202-203, 209, 211 
abrasive sandcloth, /44, 144 
ABS pipe and fittings, 98—99, 99 
ACG 
acetylene gas torches, 745, 145 
acoustic leak detection, 4/7, 4Í1 
acrylonitrile-butadiene-styrene (ABS) 
pipe and fittings, 98-99, 99 
ADA-compliant fixtures and appliances, 
Boil 
bathtubs, 351 —352, 352 
drinking fountains, 368, 369 
kitchen sinks, 358, 359 
lavatories, 346-347, 347 
showers, 356, 356-357 
urinals, 342-343, 343 
water closets, 339—340, 340 
water coolers, 368, 369 
addition, 75, 75. 78, 78 
adjustable swivel rings (loops), 207 
adjustable wrenches, 156, /57 
advances, 83, 83, S4 
aerator, 393, 393 
aerial lifts, 45-47, 46 
air gaps, 3/3, 313-314 
air tests. 159, 403-407. 407, 409, 
410-411. See also final air tests 
alternating current (AC), 161 
American National Standards Institute 
(ANSI). 9 


Americans with Disabilities Act (ADA). 


BAI 

ammeters, 762, 162 

analog multimeters, /63, 163 

anchoring accessories, 203, 204. See 
also pipe installation and support 

angle grinders, 149, /50 

angles of repose, 37 

angle valves, 119, /20 

annealed copper tubes, /05, 105 

ANSI, 9 

antisiphon P-traps, 273, 273 

appliances, 331, 360-361, 367-368, 
384-385 

food waste disposers (garbage dis- 
posals), 360-361, 361, 362 


high-efficiency, 395-396 
installation, 384—385 
water coolers, 367—368, 368 
apprentices, 5 
apprenticeship standards, 6-8, 7 
architectural prints, 13 
area, 9/, 91—92 
articulating Z-boom lifts, 45-46, 46 
asbestos, 62 
asbestosis, 62 
assembly tools, 149-150, 156-157, 
137-156 
ASTM International. 9 
atmosphere, 229 
atmospheric vacuum breakers (AVBs), 
316, 316-317, 317 
automatic knife valves. 125, /26 
automatic trap primers, 281, 283 
automatic water softeners, 372-374, 373 
available water pressure, 287 
AVBs, 316, 316—317, 317 
aviation snips, /40, 140 


B 
backfilling procedures, 201, 202 
backflow, 311-312 
backflow prevention devices, 314—329, 
S75 
barometric loops, 315-316, 3/6 
check valves, 322-326 
reduced pressure zone (RPZ) back- 
flow preventers, 327-329, 328 
vacuum breakers, 316-320 
back pressure, 280—281. 282, 3/2, 312 
back protection, 31-32, 32 
back-siphonage, 311, 3/2 
back vents, 231 
backwater valves, 124-125 
bag traps, 276, 276 
ball cock assemblies, 336 
ball faucet assemblies, 430, 43/ 
ball faucet wrenches, 432 
ball valves, 122, 723 
barometric loops, 315-316, 3/6 
basin wrenches, 157, /58 
basket strainers, 359, 436, 436 
basket strainer wrenches, 157, 758 
bathroom piping, 262. 264, 265-267, 
266, 267 
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bathroom sinks (lavatories), 345, 
345-350, 347 
bathroom stacks, 258-259, 259, 260, 
261-262. 263 
bathtub drain fittings, 354, 354-355 
bathtub faucets, 353, 353-354 
bathtubs, 350-355. 35/, 352 
duplex dwellings, 257, 257-258 
multifamily dwellings, 258, 259 
one-story, one-family dwellings, 253, 
254 
two-story, one-family dwellings, 255, 
256-258 
bathtub service, 439-442 
bed sections, 41 
bell-and-spigot cast iron soil pipe and 
fittings, 112, //3 
bell-and-spigot compression gasket 
joints, 196-197, 797 
bell-and-spigot gaskets, 149 
bell traps. 276, 276 
benching, 37, 38 
bending tools, 748, 148, 157 
bend supports, 210, 277 
beverage dispenser carbonator dual 
check valves, 325-326, 326, 327 
bidets, 357, 358 
black pipe, 114 
blackwater, 39] —392 
bloodborne pathogens, 68, 69 
blowout urinals, 342, 342 
blowout water closets, 334-336, 335 
boiler drains, 121, /22 
boiling points of water, 89, 89 
bottom-mounted (concealed) lavatory 
faucets, 349, 349 
bowls, 422-424, 423 
brackets, 203, 205 
branches. 22 
branch intervals (BI), 278, 218-220. 
219220822 | 
branch pipes, 291, 292, 301, 306-307 
branch vents, 24, 233, 240, 242 
brazed joints, 782, 182-185, 784 
brazing, 145-146 
brazing equipment safety, 68, 69 
brazing fluxes, 182-183, /83 
brazing rods, 183 
brine solutions, 371 
brine tanks, 373 


SOS 


building drain and sewer sizing, 
DA EROR 

building drains, 24 

building height and water pressure, 290 

building sewers, 24 

building sewer water tests. 406, 406 

building storm drains, 25 

building storm sewers, 25 

building stormwater drainage systems, 
245 — 249, 247, 248, 249 

built-in (recessed) bathtubs, 350-351. 35/ 

Bureaus of Apprenticeship and Training, 
6-7 

burner control valves, 449-450 

burners, 45] 

burrs, 144 

butterfly valves, 122, /23 

butt-welded pipe. 112 

bypass valves, 374, 374 


C 


cabinet automatic water softeners, 373, 
37A 

Canadian apprenticeship standards, 7-8 

capillary attraction, 779, 179, 284, 285 

carbon dioxide (CO,), 325 

carbon filters. 376 — 

carbon monoxide (CO), 164-165. 451 

carbon monoxide meters, /64, 164 

carcinogens, 62 

carpenter's levels, 733, 133 

cartridge faucets, 432, 433, 434 

cartridge-type port control faucets, 348, 
348 

cast iron soil pipe and fittings. 
OPS TTA 213 

Cast Iron Soil Pipe Institute (CISPI). 9 


cast iron soil pipe joints, 795, 195- 197, 


197 

cast iron soil pipe tools, 148—150, 749, 
150 

C-C distances, 54, 84-86 

CDA, 9 

cellulitus, 69 

centerset lavatory faucets, 349, 349 

center-to-center (C-C) distances. 84, 
84-86 

ceramic disc cartridges, 432, 433 

ceramic disc-type port control faucets, 
348. 349 

chain falls, 5/, 51-52 

chain pipe vises, 134 

chain tongs, 155, /56 

chain wrenches, 154. /56 

chair carrier fittings, 265, 267 

chalk lines, /33, 133 

change in direction fittings, 226, 227 

changes in direction, 209-210, 27/7, 
220) 22 G92 

Check Valves, 123. 322=296 


chemical hazards, 33 
chlorinated polyvinyl chloride (CPVC), 


107, 101 
chop saws, 140, 741, /49, 149 
circles, 92 
circuit vent sizes, 233, 240 
CISPI. 9 


cisterns, 389 
civil prints, 13 
claw hammers, 134, 735 
cleaning tools, 744. 144-145 
cleanout plugs, 270, 270 
cleanouts, 23, 226-228, 228, 229, 253. 
250 
clevis hangers, 206, 207, 208, 209, 210 
climbing techniques, 44 
close nipples, 114 
close-quarter saws, 736, 136, 157. 159 
closet augers, 422, 423 
closet bends, 209, 2/0 
clothes washer outlet boxes. 364. 365 
clothes washers. 396, 396 
CO. 164-165, 451 
CORES 
codes. 11-13. 12 
cohesive soil, 37 
cold water supply pipes, 296 
large facilities, 294-296 
multifamily dwellings, 297-300, 299 
one-story, one-family dwellings, 293. 
294-296 
public facilities, 303-308. 304 
collaring machines, 146, /47 
combination backwater valves. 124. 725 
combination fittings. 349, 349-350 
combination waste and overflow fittings, 
354, 354 
combustible gas detectors, 164, 765 
come-alongs, 5/, 51 
common denominators. 74 
common fractions. 73 
common seal P-traps, 270, 27/ 
common vents, 231, 240, 241, 242 
composting toilets, 394-395, 395 
compound water meters, 128, 729 
compression faucets, 347, 426-428, 427 
compression gasket joint tools, 150 
compression gaskets, 196-197, /97 
compression joint fittings, 109 
compression joints, /94, 194-195 
compression sleeve PEX tubing, /73, 173 
compression stop valves, 119 
concealed lavatory faucets, 349, 349 
concretes. 66 
condensing water heaters, 397, 397 
cone-type deburring tools, 141, /42, 144 


confined spaces. 34, 54. 55 
construction forklifts, 52, 52 
container labeling, 55-58, 57, 59 
continuous pressures, 316 
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continuous vents, 237 
continuous waste fittings, 360, 360 
continuous waste pipe, 437, 437 
continuous weld pipe, 112 
contractors. 6 
control valves, 116 
conversions 
cubic feet to gallons, 93 
decimals to inches, 81-82 
fractions to common denominators, 74 
fractions to decimals, 50, 80 
mixed numbers to improper fractions, 
73 
Copper Development Association 
(CDA). 9 
copper press fittings, 146 
copper press joints, 185-188, /86, 187 
copper tube and fittings. 704, 104- 109, 
105 
copper tube joints, 179-195 
brazed. 182-185. 783. 154 
compression, /94, 194-195 
copper press, 185-188, 156, 187 
extruded-tee. 190—191. 797 
Aared. 191-194. 792. 193 
rolled groove. 788. 188-190, 789 
soldered. 179-182. 7/87 
copper tube tools. 143-148 
core bits, 739. 139-140 
cOrece@cksei22 alae 
core drills, 739. 139—140 
corporation cocks, 21, /22, 122 
corporation stops, 21 
countertop lavatories, 346 
CPVC pipe and fittings, /0/, 101 
CPVC pipe joints. See plastic pipe joints 
crimping tools, /42, 142 
critical levels. 317 
cross connection control programs, 330 
cross connections, 312-314 
cross-linked polyethylene (PEX) pipe 
and fittings, 101-103, 702 
crown vents, 279, 280 
cubic feet to gallons conversions, 93 
curb boxes. 22 
curbicocks, 22,7227 122 
curb stops, 22 
current. 162 
customers, 420 
customer service, 419-42] 
cutout saws, /37, 137 
cutters, 135-137. See also saws 
for cast iron soil pipe, 148-149, 149 
for copper tubes, /43, 143 
for finishing, 157 
hydraulic, /49, 149 
internal, 747. 141. 157 
multiple-wheel pipe, /5/, 151 
pipe, fay, 15)! 
for plastic pipe, 140-141, 7141 
tor steel pipe, /5/, 151 
plastic pipe ratchet, /4/, 141 


ratchet, 148-149, 749 
scissors, 140, 741 
single-wheel pipe. 151 
snips, 740, 140 
soil pipe ratchet, 148—149, /49 
squeeze, 148, /49 
tubing, 743, 143, 157 
cutting heads, 445, 446 
cylindrical tanks, 92, 93 


D 


daily indoor water use, 387, 387-388 
DETG 
DEVAS 322, 324, 324 
deburring tools, 141, /42, 144, 144 
decibels (dB), 30, 30 
decimals, 78, 78-82., 79, 80, 81 
deep-seal P-traps, 270, 277 
defects, 416 
degrees (fitting angles), 83, 83, 84 
degrees of hazard, 314 
Delta“ faucets, 430, 431 
demand (tankless) water heaters, 383 
denominators, 74, 74 
dermatitis, 61 
detail drawings, /7, 17 
developed length, 23/, 231 
diagrammatic piping drawings. 20, 20 
diameters, 92, 92 
diaphragm flushometer valves, 338, 339 
die heads, 752, 152-153 
dies a2, 52 
digging tools, 135, 136 
digital multimeters (DMMs), /63, 163 
dip tubes, 379, 38/, 450, 453—454 
direct current (DC), 16] 
disc water meters, 127, /28 
dishwashers, 361 — 362, 363, 396 
displacement meters, 127, 128 
diverters, 44/7, 441 
division, 78-79, 79 
DMMs, 163, 163 
double check valve assemblies (DCVAs), 
322, 324, 324 
double check valves with intermediate 
atmospheric vents, 322, 323 
drainage fixture units (dfu), 213-214 
drainage piping systems. See sanitary 
drainage piping systems 
drain cleaning, 443-448 
locating blockages, 444, 444-445 
rodding, 444—447. 445 
unplugging floor drains, 448 
unplugging vent stacks, 448, 449 
water jetting, 447, 447 
drain fittings 
bathtub, 354, 354-355 
floor. 365-367. 366. 367 
kitchen sink, 359-360 
laundry tray/tub, 364 
lavatory, 349 


mop basin, 370 

service sink, 370 

shower (shower bath), 357 
drain mechanisms, 440—441 
drains, plugged. See plugged drains 
drawn copper tubes, /05, 105 
drill bits, 138-140, 739 
drills, 735, 137-140, 138, 139 
drinking fountains, 367—368, 368 
drop ear bend supports, 210, 277 
drophead pipe threaders, /52, 152 
drop-in bathtubs, 35/7, 351 
drops, 88, 88 
drum traps, 274, 275 
dry firing, 380 
drywall, 67 
drywall saws, /36, 136 
dual-flush water closets, 394, 394 
dual-handle cartridge faucets, 432, 434 
duplex dwellings, 256-258, 257 
DWV system testing, 406, 413 


E 


earmuffs, 30 

earplugs, 30 

E-E lengths, 54, 84-85 

effective openings, 314 

efficient hot water systems, 396-399, 
397, 398 

elbows (ells), 114 

electrical prints, 13 

electrical safety, 34-37 

electrical shock, 35 


electrical test equipment, /6/, 161-163, 


162, 163 

electric drills, 146, /47 

electric water heaters, 380. 380-381. 
poe 454 

electronic faucets, 350, 350 

electronic flushometer valves, 344, 345 


electronic water conditioners, 374—375. 


eye) 
elevation drawings, /5, 15 
ells (elbows), 114 
employee hazard reports, 27, 27 
employee safety responsibilities, 27, 71 
reporting incidents, 7/, 71 
reporting safety hazards, 27, 27 
wearing proper PPE. See personal 
protective equipment (PPE) 
end pipe wrenches, 154, /55 
end-to-end (E-E) lengths, 54, 84-85 
Energy Policy Act, 344, 393, 395 
ENERGY STAR” appliances, 395 —396 
Engel process, 102-103 
English system, 82, 82 
EPDM O-ring seals, 185 
equipment safety, 33—34 
estimators, 5—6 
ethylene propylene diene monomer 
(EPDM) O-ring seals, 185 
evaporation, 281, 283 


examination preparation and completion, 
458 

examination questions, 459-465 

expanded PEX tubing, 171-172, /72 

expander tools, 141, /42 

expansion loops, 97, 97 

extendable S-boom lifts. 45-46. 46 

extension cords, 35, 36 

extension ladders, 41-43, 42, 44 

extension split pipe clamps, 203, 206 

exterior elevation drawings, /5, 15 

extruded-tee joints, 190-191, 797 

eye protection, 29, 29 


F 
face shields, 29 
fall-protection equipment, 49, 49-50, 50 
falls, 88, 88 
FAs, 54, 84 
faucet handle pullers, 427, 427 
faucet leaks, 435, 438 
faucets 
bathtub. 353, 353-354 
centerset lavatory, 349, 349 
compression, 347 
concealed lavatory, 349, 349 
electronic, 350, 350 
kitchen sink, 359, 359 
laundry tray/tub, 364, 365 
lavatory, 349, 349-350 
port control (single-handle), 
347-349, 348 
port control lavatory, 349, 349-350 
shower (shower bath), 357, 357 
faucet service, 425-432 
bathtub, 439 
compression, 426—428, 427 
kitchen sink, 436, 438 
lavatory, 434-435 
pressure-balanced, 443 
shower, 442 -443 
single-handle ball (Delta®), 430, 43/7 
single-handle ceramic disc, 432, 433 
single-handle piston-type cartridge 
(Moen™), 428-430. 429 
thermostatic, 443 
two-handle cartridge, 432, 434 
field conversion, 80-81, 8/ 
filler metals, 182-183 
fill valve assemblies, 427. 421 
filters, 375-378, 376, 377 
final air tests. 406, 4/2. 412-414 
fine file, 428 
finishing fixtures and appliances, 385 
finishing tools, 155-157 
fire extinguishers, 70, 70-71 
fireplugs, 3 
fire protection, 69, 69 
firestops, 700, 100 
fitting allowances (FAs), S4, 84 
fitting angles, 83, 83, S4 
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fitting brushes. /44, 144-145 
htting identification, 114—115, //6 
fittings, 9S 
fixed ladders, +1, 42 
fixture branches, 22 
fixture branch pipes, 291, 292, 301, 
306-307 
fixture demand, 287-288. 288 
fixture drains. 24 
fixtures. See plumbing fixtures 
fixture supply pipes, 22, 291, 292 
fixture traps, 24 
repairing, 435, 435 
replacing, 437, 440 
trap-to-vent distances, 238—240, 239 
ventina 27979 
fixture trim. 331 
flammability hazards, 56-57 
flapper-type backwater valves, 124, 725 
flared joint fittings, 109, 7/0, 147 
flared joints, 191—194, 792, 193 
flaring tools, 747, 147 
flat venting, 239 
flexible plastic tubing, 210, 277 
flood level rims, 239, 311 
floor drains, 365—367. 366, 367. 448, 448 
floor plans, /4, 14 
floor-set water closets, 239, 239. 332 
floor sinks, 366 - 367, 367 
flow, retarded, 230 
flow (working water) pressures, 290, 
290-291. 296, 300, 305 
flow rates, 287-288. 288 
flow resistance. 288. 289 
flow restrictors. 393 
flues. 451 
flush devices 
urinals, 344, 344-346, 345 
water closets, 336-337, 337, 338, 339 
flushometer valves, 338, 339 
electronic. 344, 345 
service, 424, 424-425, 426 
flush tanks, 336-337. 337 
fluxes, 780, 182-183. /83 
fly sections, 41 
folding rules, 131, 732 
food waste disposers (garbage disposals), 
360—361. 361, 362, 438, 438 
foot protection, 3/, 31 
foremen, 5 
forklifts, 46, 52, 52-53 
formaldehyde, 67 
formula circles, 88, 88 
fractions, 73-78, 80-82 
adding, 75, 75 
common denominators. 74 
converting, 73-74. 80, 80-81, 87 
decimal equivalents, 60. 80-82, 8/ 
dividing, 78 
improper, 73-74 
multiplying. 77, 77 
proper, 73, 74 


reducing to lowest terms, 74—75 
subtracting, 76, 76 
freestanding bathtubs, 35/7, 351 
freestanding scaffolds, 48, 48 
friction. 288-290. 289 
front-end loaders. 46 
front-load clothes washers, 396, 396 
front main cleanouts, 24 
full S-traps. 274, 276, 276 
full-way valves, 116 


G 


galvanized pipe, 114 

gaps between fittings. 179 

garbage disposals (food waste disposers), 
360-361. 361. 362, 438, 438 

gas coeks T22 122 

gas condensing water heaters. 397, 397 

gas detection equipment, 764. 164-165 

gas pipe, polyethylene, 103 

gas removal, 230 

gas storage water heaters, 396 

gas water heaters, 378—380, 379, 
449-452. 450 

gate valves, 117, //8 

geothermal heating systems, 399, 399 

globe valves, 117, 779, 119-121 

gloves, 30, 3/ 

go gauges, 142 

goggles, 29 

go/no-go gauges, 142 

government departments, 9 

grades. 88, 88, 225, 223—226 

granular soil, 37 

eravity-fed water closets, 335, 335, 421. 
42) -424 

graywater, 390, 390-391, 392 

green building, 400-401 

grinding tools, 149, /50 

grooved end pipe, 114 

grooved (threaded) pipe joints, 198, 
1997200 

groovers, 746, 146, 152-153, 153 

ground fault circuit interrupters (GFCIs). 
36—37.37 

cuardrails, 46 


H 


hacksaws, 135-136. /36 

halyards, 41 

hammer drills, 738, 138 

hammers, 134. 735 

hand chain falls, 57, 51-52 

hand chain hoists. 51-52 

hand chains, 5/7, 51 

hand-held tub and shower spray vacuum 
breakers, 3/9, 319-321 

handle rebuilding kits, 424-425 

hand levels, 132-133. 133 

hand protection, 30, 37 

hand pumps, 159, /60 


PLUMBING DESIGN AND INSTALLATION 


handsaws. 135-136, /36 
hand tool safety, 34 
hard copper tube, /05, 105 
hard hats, 28-29. 29 
hard water, 370-371. 371 
harnesses, 49, 50 
hazard communication, 55-60, 57, 59 
hazardous material information guide 
(HMIG). 56. 57 
hazardous materials, 55-68 
asbestos. 62 
bloodborne pathogens, 68, 69 
carcinogens, 62 
concretes. 66 
container labeling of. 55-58. 57. 59 
crystalline silica particles. 65 
disposal of. 60-61 
drywall, 67 
formaldehyde, 67 
insulation. 67 
isocyanates, 67 
lead, 62-64. 63 
molds. 67-68. 68 
paints. 66-67 
primers, 64. 65 
sealers. 67 
sewer gases, 65 
solvent cements. 64. 65 
hazardous materials identification 
system (HMIS), 58, 59 
hazardous waste disposal, 60-61 
hazard reports, 27, 27 
hazard signal system, 56- 58. 57 
HDPE pipe and fittings, 103 
head, 90, 9/ 
head protection, 28-29, 29 
health hazards. 56 
heat fusion, /03, 103 
heat pump water heaters, 397, 398 
hepatitis, 69 
HETs. 393-394 
hex wrenches, 156. 757 
high-density polyethylene (HDPE) pipe 
and fittings, 103 
high-efficiency fixtures and appliances, 
395 — 396, 396 
high-efficiency toilets (HETs), 393 -394 
highly cohesive soil, 37 
high-speed drill bits, 138-139 
history of plumbing. 1-4, 3 
HMIG, 56, 57 
HMIS. 58, 59 
hoist chains, 5/, 51 
hoists, 5/, 51-52 
holding tanks, 389 
hole saws, 739, 139 
home runs, 103 
Hoover Code. 11 
horizontal branch drains, 2/7, 217-218 
horizontal branches, 24 
horizontal pipe installation and support. 
204-208. 207, 208 


horizontal pipes, 213, 2/4 
hose bibbs, 119, 727, 121 
hose thread vacuum breakers, 3/8, 
318-319 
hot water supply pipes, 296 
in large facilities, 295 —296 
multifamily dwellings, 301, 302 
one-story, one-family dwellings, 293. 
294 
public facilities, 305, 307, 308 
hot water systems, 396—399 
hubless cast iron soil pipe and fittings. 
110. 7/1 
hydraulic cutters, /49, 149 


IAPMO. 12 

identifying pipe fittings, 114—115, //6 

immersion elements, 380, 453, 453 

impact flaring tools, 747, 147 

improper fractions, 73—74 

inches to decimal feet conversions. 

80-82. 8/ 

incident reports, 7/, 71 

indirect waste pipe, 270 

individually vented fixtures 
bathroom stacks, 259, 260 
multifamily dwellings, 259, 260 


254 
two-story office buildings, 267 
two-story, one-family dwellings. 
253-256. 255 
individual vents, 24, 230-231, 233, 
237—240. 238 
indoor water use, 357, 387-388 
industrial buildings, 262, 264, 265 
industry organizations, 8, 8-1] 
inflatable sealing test plugs, 409 
inflatable test plugs, 159, 404, 405, 405, 
408 
information resources, 457 
in-line current measurements, /62, 162 
in-line water filters, 375, 376 
inspections, 416 
instantaneous (tankless) water heaters, 383 
insulation, 67, 400, 400 
integral S-traps, 276 
interference fits, 169, /70 
interior elevation drawings, /5, 15 
internal cutters. /4/, 141, 143, 143, 157 
internal partition traps, 276, 277 
International Association of Plumbing 
and Mechanical Officials ((APMO). 
12.214 
International Plumbing Code (IPC), 12 
Interprovincial Standards Examination, 


458 
ons 1, 372 
Pera? 


iron filters, 378 


iron pipe sizes (IPSs), 112 

iron threaded fittings, 114, 7/5 
isocyanate exposure, 67 

isometric piping drawings, 20, 20 


J 


jab saws, 136, 157, /59 
JATC, 6 
jets, 334, 334 
J-hangers, 205, 207 
J-hooks, 205, 207 
Joint Apprenticeship and Training Com- 
mittee (JATC), 6 
joints 
bell-and-spigot compression gasket, 
oer yo 7 
brazed, 182—185., 783. 184 
compression, 794, 194-195 
compression gasket soil pipe, 
196-197, 197 
extruded-tee, 190—191. 797 
flared, 191—194, 792, 193 
grooved (threaded), 198, 799, 200 
no-hub cast iron soil pipe, 795. 
195-196 
press fitted, 185—188, 786, 187 
rolled groove, 788., 188-190, 789 
soldered, 779, 179—182, 761 
solvent-cemented, 167—170. 777 
threaded, 198. 799, 200 
journeymen, 5 


K 


keyhole saws, 135, 736 

kilograms, 83 

kitchen sink drain fittings, 359—360 
kitchen sink faucets, 359, 359 

kitchen sinks, 258, 358, 358-360, 359 
kitchen sink service, 435 —438 

kitchen sink wet vents, 243. 244 
kitchen waste stacks, 260-262. 26] 
knee pads, 32, 32 


L 


labeling containers, 55-58, 57, 59 
labels, 391 
ladder duty ratings, 44 
ladders. 41-45. 42, 43, 45 
lagging, 38 
lanyards, 49, 50 
laser torpedo levels, 733, 133 
laundry trays/tubs, 256, 362 —364, 364, 
365 
lavatories, 345, 345-350, 347 
duplex dwellings, 256-257, 257 
multifamily dwellings, 258—259, 
259352638 
one-story, one-family dwellings, 251, 
253, 254 


two-story industrial buildings, 262, 
264. 265 
two-story office buildings, 265, 266 
two-story, one-family dwellings, 255, 
256 
lavatory service, 432, 434-435 
lavatory trim, 347-350 
lavatory wet vents, 243, 243-244 
lead, 62-64, 63 
lead-based painting activities program. 
63-64 
Leadership in Energy and Environmen- 
tal Design (LEED®) certification, 
400-401, 401 
lead-free solders, 179 
leak detectors, 471, 411, 414, 414 
leak location and repair, 413 
leaks, 285 
electric water heater, 454 
faucet, 435, 438 
gas water heater, 451-452 
wall, 442-443 
LEED" certification, 400-401. 40/ 
left-hand bathtubs. 350 
length, 88 
levels, 132-133 
lever benders, 748, 148 
license classifications, 458 
licensing requirements, 457 -458 
lifelines. 49, SO 
lift-and-turn bathtub drains, 440, 440 
lift-and-turn waste fittings, 354, 354-355 
litt check valves, 123, 724 
lifting (hoisting), 57, 51 
lifting techniques (for back protection), 
lk ae 
lifts 
aerial, 45-47, 46 
manual, 5/, 51-52 
powered, 46, 52, 52-53 
lift waste fittings, 354, 354 
liquid propane torches, 745, 145 
load chains, 5/, 51 
loose bowls, 423, 423-424 
loose seats, 424 
low-flow aerators, 393, 393 
low-flow fixtures and appliances, 393, 
393-396 
low-flow urinals, 393-394 


M 

mains, 22 

main vents, 233 

malleable iron threaded fittings, 114, 
LS 

manometers, 159, 760. 407, 4/2, 412 

manometer tests, 406, 406 

Manufacturers Standardization Society 
(MSS), 9 

MAPP (methyl acetylene propadiene) 
torches, /45, 145 


Index 157] 
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marking tools, 733, 133 

material handling, 50-53 

material lifts. 46. 52, 52-53 
material safety data sheets (MSDSs). 


5S OI. ony 
maximum intended loads, 47 
MCAA, 9 


MDPE pipe, 103 
measuring tapes, 131, /32 
Mechanical Contractors Association of 
America (MCAA), 9 
mechanically sealed traps, 276, 
276-277 
mechanical prints, 13 
mechanical test plugs, 159, 404—405, 407 
medium-density polyethylene (MDPE) 
pipe, 103 
men’s bathrooms, 262, 264, 265 
metal-framed scaffolds, 47-48, 48 
meter reading, 129 
meters (length), 82 
meters (measuring devices), 95 
methyl acetylene propadiene (MAPP) 
torches, 745, 145 
metric measurement, 82, 82-83 
midrails, 46 
milliamp process clamp meters, 162 
mineral tanks. 373 
minus pressure, 229 
mixed numbers, 73—74. 74 
adding, 75, 75 
multiplying, 77, 77 
subtracting, 76, 76 
mobile scaffolds, 47-48. 48 
model codes, 11. 12 
Moen” faucets. 428 - 430, 429 
molds, 67-68, 68 
mono die heads. 153 
mop basins/receptors, 369-370, 370 
motor vehicle safety, 53 
MSDSs, 58-61, 59 
multifamily dwellings, 258—262, 259, 
260, 261 
multifunction screwdrivers, /34, 134 
multimeters, /63, 163 
multiple-pipe offsets, 55, 85-86 
multiple-wheel pipe cutters, 757, 151 
multiplication, 77, 77. 79 
multistory buildings. 261 —262, 263 


N 


National Plumbing Code of Canada 
(NPG), 13 

National Standard Plumbing Code 
(NSPC), 12—13 

negative pressure, 229 

NFPA Hazard Signal System, 56-58, 
a7 

ninety-five/five solders, 179 

nipples, 114 

no-go gauges, 142 

no-hub cast iron soil pipe and fittings, 


11. / 47 

no-hub cast iron soil pipe joints, 795, 
195-196 

no-hub cast iron soil pipe joint tools, 
150, 150 

no-hub gaskets, 149 

noise reduction rating (NRR) numbers, 30 

nominal pipe sizes. 112 

nonratcheting pipe threaders, /52, 152 

nonrated globe valves, 119 

nonrising stem-inside screw gate valves, 
Mies 

nontoxic substances, 314 

NPC. 13 

NRR numbers, 30 


O 


occupational irritant contact dermatitis, 61 
Occupational Safety and Health Admin- 

istration (OSHA), 10, 27 
odorant leak detection. 414. 4/5 
odorous gases, 230 
office buildings, 265 - 267, 266, 267 
offset distances, 83, 83, 84, 87 
offset pipe wrenches, 154, /55 
offsets, 83. 83-87, 84. 85, 87, 221 
offset stacks, 22] —224, 222, 223, 224 
oil-based paints, 67 
oilers, [52 
one-half S-traps (P-traps), 270, 

i ey es ewes 
one-stop wrenches, 156, /57 
one-story, one-family dwellings, 

2E 298, 292.204 
openings, sealing, +16 
OSHA. 10, 27 
OS&Y gate valves, 117, 718 
outdoor registers, 129 
outlet boxes, 364, 365 
overflow assemblies. 440, 440, 44/ 
overrim bathtub fittings, 353 


pP 


paint, 66-67 
parallax errors, 163 
partial vacuum, 230, 311 
passageways, 333, 333 
pasty ranges, 179, 780 
pawl locks, 41 
pedestal lavatories. 346 
PE heat fusion, 703, 103 
pencils, 133 
pencil-type deburring tools, 141, 742, 144 
PE pipe and fittings, 103 
percent grades, 88 
perforated strap iron, 205, 207, 209, 210 
peroxide process, 102—103 
personal appearance, 420 
personal protective equipment (PPE), 
27—33. 28168 
back protection, 31—32, 32 
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ear protection, 30 
eye protection, 29, 29 
fall-protection, 49, 49-50. 50 
foot protection, 3/, 31 
hand protection, 30, 3/ 
knee protection, 32, 32 
protective clothing, 28 
respiratory protection, 33, 33 
PEX clip installation tools, /42, 142 
PEX insert fittings, 170- 178 
PEX pipe and fittings, 101—103, 702 
PEX tools. 141-142. 742 
PEX tubing, 170-178, 172, 173 
PEX tubing supports. 210, 217 
PHEE HOTIN 
picks, 135. 136 
pilot flames, 380 
pipe, 95, 400, 400. 444, 445 
pipe capacity, 93 
pipe caps, 405 
pipe cutters, /5/, 151 
pipe dope, 198 
pipe fitting identification, 114-115, 
116 
pipe groovers, 152-153, 753 
pipe hooks, 205, 207 
pipe installation and support. 198-210 
aboveground pipes, 202-203, 204. 
SOE i | 
backfilling procedures, 201, 202 
for changes in direction, 209-211, 
ZORZ 
horizontal pipes, 204-208, 207, 208 
underground pipes, 199~201, 20/, 
202209 2h) 
vertical pipes, 203 —204 
pipe length, 288 —290 
pipe machines, 153, /54 
pipe plugs. 405 
pipe reamers, /5/, 15] 
pipes, weight of water in, 93, 94 
pipe straps, 203, 206 
pipe supports, 153, /54 
pipe threaders, 752, 152 
pipe threading, /52, [S26 153. /53, 154 
pipe vises. 134, 735 
pipe wrenches, 34, 34, 154-155, 155 
piping calculations, 83-88 
piping support accessories. See pipe 
installation and support 
pistol-grip drills, 137, /38 
piston cartridges, 430 
piston-type cartridge (Moen) faucets. 
428-430, 429 
pitches, 88, 88, 225, 225-226 
plain-end pipe, 114 
plan views, 20, 20 
plastic pipe and fittings, 95-103. 96, 
97.98 
acrylonitrile-butadiene-styrene 
(ABS) pipe, 98-99, 99 
cross-linked polyethylene (PEX) 
pipe. 101-103, /02 
Plastic Pipe and Fittings Association 
(PPFA). 10 


plastic pipe joints, 167-178 
and PEX tubing, 170-178, 172, 173 
preparation and installation, 169—170 
solvent-cemented, 167—170. /7/ 
plastic pipe ratchet cutters, /4/, 141 
plastic pipe tools, 140-142, 141, 142 
plastics, 95 
Plastics Pipe Institute (PPI), 10 
pliers. 156, 737 
plot plans, 17—18, 18 
plugged bowls, 422, 423 
plugged drains 
bathtubs, 439-440 
floors, 448, 448 
kitchen sinks, 437 
lavatories, 435 
showers, 442 
plug valves, /22, 122 
plumb bobs, /32, 132 
plumber responsibilities, | 
plumber safety responsibilities. See em- 
ployee safety responsibilities 
plumbing codes, 2, 11-13, 12“ 
plumbing fixtures, 331—360, 362-368. 
384-385 
bathtubs, 350-355, 351, 352 
bidets. 357.358 
drinking fountains, 367—368, 368 
floor drains, 365-367. 366, 367 
installation of, 384-385 
kitchen sinks. 358. 358 —360 
laundry trays/tubs, 362-364, 364, 365 
lavatories (washbasins), 345, 
345-350. 347 
showers (shower baths), 355, 
339 =397 350 
urinals, 340—345, 341, 342, 343 
water closets (toilets). See separate 
entry 
waterless, 394-395 
plumbing, history of, 1-4, 3 
Plumbing-Heating-Cooling Contractors 
—National Association (PHCC). 
10-11 
plumbing information resources, 457 
Plumbing Manufacturers Institute 
(PMI), 11 
plumbing skills, 457 
plumbing systems, |, 21. 21—26. 23, 25 
plumbing system tests, 403-416 
air tests, 403—405, 407, 407, 409. 
410-411 
applications of, 416 
final air tests, 406, 4/2, 412-414 
for potable water supply and distribu- 
tion piping, 410-411 
for sanitary drainage piping, 
406-409. 407, 408, 409, 410 
for stormwater drainage piping, 410 
for vent piping, 406-409, 407, 408, 
409, 410 
odorant tests, 414, 4/75 


procedures for, 415-417 
smoke tests. 414 
ultrasonic leak detection, 4//, 411 
water tests, 406, 408 —409, 409 
plumbing tools, 131-135 
plumbing trade structures, 5—6 
plus pressure, 229 
PMI. |1 
point-of-use water filters, 376, 377 
point-of-use water heaters, 383-384 
polyethylene (PE) pipe and fittings. 
103, 103 
polyvinyl chloride (PVC), 160 
pop-up drains, 434, 434-435 
pop-up waste fittings, 349 
portable band saws, /37, 137 
portable drills, 137—140, 738 
port control faucets. 347-349, 348 
port contro] lavatory faucets, 349, 
349-350 
positive pressure, 229 
potable water, | 
potable water supply and distribution 
piping tests, 410-411 
potable water supply protection, 311. 
See also backflow prevention 
devices 
air gaps, 3/3, 313-314 
cross connection control programs, 330 
potable water supply systems, 21—22 
power equipment safety, 34 
PPE. See personal protective equipment 
(PPE) 
PPFA, 10 
BRITIO 
press fitting joints, 185—188, 786, 187 
press fittings, 107, 708 
pressing tools, /46, 146 
pressure-balanced faucets, 443 
pressure-balancing valves, 357, 357 
pressure flush water closets, 337, 338 
pressure gauges, 160 
pressure loss due to friction, 288, 289 
pressure loss due to height, 296, 298, 305 
pressure-reducing (pressure-regulating ) 
valves. 126, 127. 287, 287 
pressure relief valves, /27, 127 
pressure vacuum breakers (PVBs), 320, 
primers, 64, 65, 168, /69 
printreading, 13—20 
abbreviations used, 20 
isometric piping drawings, 20, 20 
schematic piping drawings, 20, 20 
symbols used, 18-19, 19 
prints, 13-18 
prohibited traps, 274-277, 276 
projected roof area, 248, 248, 249 
proper fractions, 73, 74 
proper lifting techniques, 31—32. 32 
protective clothing, 28 
protective helmets, 28—29, 29 


P-trap construction, 277, 277 

P-trap repair, 435, 435 

P-traps, 270, 270-273, 271, 272, 273, 435 
pump pliers, /34, 134 

PY Bw ceo ia? 

PVC/ABS saws. 140. /-4/ 

PVC pipe and fittings, 100 

PVC pipe joints. See plastic pipe joints 


Q 


qualified persons. 48 
quick-opening die heads, 152, 753 


R 

radiation process, 102 

radii, 93 

rain barrels, 3868, 388 

rainwater collection systems, 389, 
389 — 390 

rainwater harvesting, 388 — 390 

rainwater leaders, 25, 248, 249 

ratchet benders. 748, 148 

ratchet cutters, 148-149, 749 

ratcheting pipe threaders, 752, 152 

ratchet lever hoists, 57, 51 

rated globe valves, 119 

rated valves. 116—117 

reactivity hazards, 57 

reamers, /44, 144, /5/, 151 

recessed bathtubs, 350-351. 35/ 

reciprocating saws, 137, 137 

reclaimed water, 388, 392 -393 

rectangles, 97, 91—92 

rectangular tanks, 92 

recycled water, 388-393 

Red Seal Program, 458 

Red Seal trades, 7 

reduced pressure zone (RPZ) backflow 
preventers, 327—329, 328 

reducers, 248, 249 

reducing fittings. 114—115 

registers, 129 

reinforced concrete, 137-138 

relief valve replacement, 450—451, 454 

relief valves, /27, 127, 381-383. 382 

relief vents. 230 

repair tools, 420-421 

resetting loose bowls, 423-424 

residential dual check valves, 325, 325 

resources, 457 


restroom sinks. See lavatories 

retarded flow, 230 

reverse osmosis (RO) systems, 
370-377. 377, 378 

rigging, 9350—51 

right-angle drills, 137. 738 

right-hand bathtubs, 350 

right to know (RTK) information, 56, 57 

rim wrenches. 157. 758 

riser clamps. 203, 206 


Irele D 
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risers, 22 

rises. S6, 86 

rising stem-inside screw gate valves, 
Cian es} 

rising stem-outside stem and yoke 
(OS&Y) gate valves, 117, 778 

rodding, 444-447, 445 

rolled groove joint fittings, 108, /09 

rolled groove joints, 78S, 188-190. /89 

rolled groove joint tools, 146 

roll groovers. /46, 146 

rolling offsets, 86, 86-87. 87 

roof drains, 25, 247, 247 

roof flanges, 25, 236, 237 

root jackets, 25, 236, 237 

rope grabs, 49, 50 

RO systems, 376—377. 377, 378 

rotary hammers, 736, 138 

rough-in (rough plumbing). 384 

rough-in tests, 159 

RPZ backflow preventers, 327-329, 328 

RTK information, 56, 57 

rules, 131. /32 

running traps, 273, 274 

runs, SS, 88 


S 
Safe Drinking Water Act. 330 
safe lifting techniques, 31—32, 32 
safety equipment. See personal protec- 
tive equipment (PPE) 
safety glasses, 29 
safety nets, 50, 50 
safety pilots, 380 
safety plan cards, 65, 66 
safety precautions 
aerial lifts. +6 
brazing equipment, 68, 69 
confined spaces, 54-55 
extension cords, 35, 36 
hand tools. 34 
hoisting equipment, 52-53 
ladders. 44-45, 45 
lifting equipment, 52-53 
motor vehicles, 53 
power equipment, 34 
scaffolds, 48—50. 49, 50 
soldering equipment, 68, 69 
trenches, 40-41. 4/ 
sandcloth, 744, 144 
sanitary drainage pipes, 22 
sanitary drainage pipe venting, 228 -244 
removal of objectionable gases, 230 
retarded flow in, 230 
sizing of vents. See vent pipe sizing 
trap seal loss in, 229 
venting methods, 230-231 
sanitary drainage piping systems, 
199-201, 213-224, 2/4 
building drains and sewers. 
ea i ea OA 
drainage fixture units, 213—214, 2/5 


installation and support, 225 - 228 
vent pipes. See vent pipe sizing 
waste stacks. See soil and waste stacks 
sanitary drainage piping testing. 
406-409 
sanitary drainage systems, 22—25. 23 
sanitary features (drinking fixtures), 368 
sanitary sewers, 24 
saws. 135-137, 736. 137, 140, 141 
chop, 140, 741. 149, 149 
close-quarter, /36, 136, 157, 159 
cutout, 137, 137 
drywall. 736, 136 
hacksaws. 135-136, /36 
handsaws, 135-136, /36 
hole, 739, 139 
javl36, 157,759 
keyhole, 135. /36 
portable band, /37, 137 
PVC/ABS., 140, /4/ 
reciprocating, /37, 137 
spiral-cut, /37, 137 
scaffolds. 47-50. 48 
Schedule 40 pipe and fittings, 98-99, 
99.101. 114 
Schedule 80 pipe and fittings. 100-101. 
114 
schematic piping drawings, 20, 20 
scissors cutters. 140. 74/7 
scissors lifts, 45, 46 
screwdrivers, /34, 134 
SDSI 139, 139 
sealers, 67 
sealing openings, 416 
seamless pipe. 112 
seats, 424 
seat wrenches. 427 
sectional metal-framed scaffolds, 
47-48. 48 
section drawings, /6, 16 
self-feed bits, 739, 139 
self-rimming kitchen sinks, 358, 358 
self-rimming lavatories, 346 
self-siphonage, 277-279, 278 
self-tinning fluxes, 180 
service sinks, 369-370. 370 
service tools, 420-421 
sewage, 22 
sewer gases, 22, 65, 230 
sewers, 24 
sheet metal snips, /40, 140 
shielding, 39-40 
shock absorbers (water hammer arres- 
tors), 381, 352 
shoring, 38, 40 
short test plugs, 405, 407, 408 
shoulder nipples, 114 
shovels, 135. 736 
shower drains, 357 
shower repairs, 442—443 
showers (shower baths). 355, 355-357. 
356 
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shower spray and tub vacuum breakers, 
319, 319-321 
shower valve wrenches, 428 
shower water supply valves, 357, 357 
shutoff valves, 116 
SI (Système International) metric system, 
8&2, 82-83 
silane process, 102 
silicosis, 66 
silléeeks, 1972/5121 
single-handle ball (Delta) faucets, 430, 
43] 
single-handle ceramic disc faucets, 432. 
433 
single-handle faucets, 347-349, 348 
single-handle piston-type cartridge 
(Moen™) faucets, 428-430, 429 
single ladders, 41. 42, 43 
single-pipe offsets, 8&3. 83-85, 84 
single-wheel pipe cutters, 151 
sinks 
bathroom (lavatories), 345, 
345-350., 347 
Hoor. 366-367. 367 
kitchen. 358. 358—360. 359, 435-438 
lavatory, 432. 434-435 
mop basin/receptor. 369-370, 370 
service (slop), 369-370, 370 
siphon jet urinals, 342, 342 
siphon jet water closets, 334, 334-335 
skills. 457 
sledgehammers, 134, 735 
slings. kinking of, 51 
slip-joint pliers, /34, 134 
slop (service) sinks, 369-370, 370 
sloping, 37, 38 
slotted drive shank (SDS) bits. 739. 139 
small-diameter flexible plastic tubing, 
200 217 
smoke chambers, 4/4, +14 
smooth-jawed assembly tools, 157 
snips. 740, 140 
soapstone, 133 
soft copper tube, 705, 105 
soft skills, 419-420 
soil and waste stacks, 218-225. 233. 
234, 235 
branch intervals for. 2/8, 218-219, 
OTEO ee 
maximum loads, 218—219, 2/9 
offset stacks, 221-224, 222, 223, 224 
soil pipe assembly tools, 150, 757 
soil pipe ratchet cutters, 148-149, /49 
soil pipes, 23 
soil stacks, 24 
solar thermal water heaters, 398, 399 
solder characteristics. 180 
soldered joints, 779, 179-182, /8/ 
soldering, 145 
soldering equipment safety, 68, 69 
solder joint fittings, 706, 106-107, 107 
soldier piles, 38 


solid bits, 138 
solid-wedge disk gate valves. 117 
solvent cementing, 167—170, /7/ 
solvent cements, 64, 65, 168-169. /69 
solvent welding, 167—168 
sound levels, 30, 30 
spade bits, 739, 139 
spiral-cut saws, /37, 137 
split-wedge disk gate valves, 117 
spout diverters, 44/, 44] 
spreads (multiple-pipe offsets), 85, 85 
spreads (rolling offsets), 86, 86 
spring benders, /48, 148 
squares, 97, 91-92 
square tanks, 92 
squeeze cutters, 148, 749 
stack bases. 209. 217 
stack cleanouts, 24 
stack groups, 244, 246, 253 
stacks, 23, 221 —224, 222, 223., 224 
bathroom waste, 258—259, 259, 260. 
261—262. 263 
for duplex dwellings, 256. 257 
kitchen sink waste. 260-262, 261 
for multifamily dwellings, 258-259, 
259, 260, 261 — 262, 263 
for two-story buildings, 262, 263 
stack vents, 24, 230—232, 232, 233. 240 
stack vent terminals, 235-237 
stall urinals, 34/, 341 
standards organizations. 8, 8—11 
state plumbing codes, 13 
steel pipe and fittings, 112. 114 
steel pipe joints, 197-198, 199, 200 
steel pipe tools. 150-155, /5/ 
steel tapes. 131, /32 
stepladders, 42, 43 
stop-and-waste valves, 119, 720 
stop boxes, 22 
storm drain, 25 
storm drain installation, 246-248, 247, 
248, 249 
storm drain sizing, 248, 248 
storm drain traps, 247, 247-248 
storm sewers, 25 
stormwater drainage piping tests, 410 
stormwater drainage system principles, 
245-248, 247, 248, 249 
stormwater drainage systems, 25, 25 
straight fittings, 114 
straight pipe wrenches. 154, 155 
S-traps, 274, 276, 276 
strap wrenches, 157, 158 
structural prints, 13 
subtraction, 76, 76, 78, 79 
superheated water, 90, 381 
superintendents, 5 
supply pipes, 291, 292 
supporting chair carrier fittings, 265, 267 
supporting pipes. See pipe installation 
and support 
sustainable building, 400—401 


sway bracing, 208, 209 
swing check valves, 123, 724 
swivel rings (loops), 207 
symbols, 18-19, 19 


T 
takeoff. 5-6 
talons, 205, 207 
tank leakage 
electric water heaters, 454 
gas water heaters, 451-452 
water closets, 422 
tankless water heaters, 383, 384, 397 
tank noise, 449 
tank repair/replacement (water closets), 
421-422 
tanks, 92-93, 93. 389 
tape measures, 131, 732 
tapes, 131, /32 
T&C pipe, 114 
T-DRILLs®, 146, 147 
technical societies. 9 
tee-drilling tools, 146 
tee-pulling procedure, 190-191, 797 
tee-pulling tools, 146, 747 
temperature and pressure (T&P) relief 
valves, 127, 379, 382, 382-383 
test caps, 159, /60, 404, 404 
test gauge assemblies, 159, 760, 405, 
405. 409 
testing apparatuses, 415-416 
testing tools, 158—159, 760 
electrical test equipment, /6/, 
161—163. 762. 163 
gas detection equipment, 161—162., 164 
test plugs, 159, 760. 404, 406, 406 
inflatable, 404-405. 405, 407, 408, 409 
mechanical. 404 
removal, 4/0, 410 
tests. See plumbing system tests 
tetanus, 69 
thermal expansion, 381 
thermocouples, 380, 450 
thermoplastic resins, 96 
thermosetting resins, 95—96 
thermostat controls, 452-453 
thermostatic controls, 379 
thermostatic faucets. 443 
thermostatic valves, 357 
threaded and coupled (T&C) pipe, 114 
threaded fittings, 114, 7/5 
threaded pipe joints, 198, /99, 200 
threads, 152, /53 
thread sealant. 198 
three-quarter S-traps, 274, 276 
three-way pipe threaders, 152 
throttling valves, 116 
tin snips, /40, 140 
toeboards. 46 
toilets. 394—395. 395. See also water 
closets 
tools. 420-421 


tool safety, 33-34 
tools and equipment 
basic tools, 131-135 
cast iron soil pipe tools, 148-150. 
149, 150 
copper tube tools. 143-148 
cutting tools. See cutters: saws 
drilling tools, 135, 137-140, 738. 
13939 
finishing tools, 155-157 
plastic pipe tools, 140—142, 741. 142 
steel pipe tools, 150-155, /5/ 
testing tools, 158-159, 760 
top-load clothes washers, 396 
top supports, 43 
torch assemblies. 745. 145- 146 
torpedo levels, 132-133 
toxic substances, 314 
T&P relief valves, 127, 127, 379. 382. 
382-383 
trade associations. 9 
trapeze hangers, 206, 207 
trap leaks, 285 
trap primers, 281, 253, 283. 284 
traps, 269, 269-274, 277, 277 
trap seal losses, 229, 277-285, 28] 
back pressure, 280—281. 282 
capillary attraction, 284, 285 
evaporation, 281, 243 
leaks, 285 
siphonage, 277-280 
wind effects, 285 
trap seals, 270, 333, 333 
trap siphonage, 277-280 
trap-to-vent distances, 238 —240, 239 
travel length, 83, 84. 87, 87 
trench boxes, 39~40, 4/ 
trenches, 37 
trench failures, 37-38. 39 
trench safety, 37-41 
trip levers, 440, 441 
trough urinals, 341, 342 
tub and shower spray vacuum breakers, 
319, Bio = 321 
tube-and-coupler scaffolds, 47-48. 48 
tube-cleaning brushes, 744, 144 
tube end notchers. 146 
tubing benders, 157 
tubing cutters, /43, 143, 157 
tubing supports, 210, 2// 
turbine water meters, /25, 128 
twist drills, 138-139, 739 
two-handle cartridge faucets, 432, 434 
two-story industrial buildings, 262, 264. 


265 
two-story office buildings, 265-207. 
266. 267 


two-story one-family dwellings. 
Zoe 200029) 

two-tank automatic water softeners, 
met, ATS 

tying off, 50 
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UA. 1} 
U-hooks. 205, 208 
ultra-low-flow urinals, 394 
ultra-low-flow water closets. 393 —394 
ultrasonic leak detectors, 4//, 411 
undercounter kitchen sinks. 358, 358 
undercounter lavatories. 346 
underground pipe, locating, 444, 445 
underground pipe installation and sup- 
port, 199-201, 207, 202, 209,21 / 
Uniform Plumbing Code (UPC), 12. 214 
unit (common) vents, 240 
United Association of Journeymen and 
Apprentices of the Plumbing and 
Pipefitting Industry of the United 
States and Canada (UA), 11 
universal die heads, 153 


URE 2 
urethane sealers. 67 
urinals, 262, 263, 264, 340-345 


types of, 340-345, 341, 342, 343 
waterless, 394, 394 


V 


vacuum, 311 
vacuum breakers, /2/, 121, 316—320, 425 
vacuum breaker trap primers, 283, 285 
valve battery replacement, 425 
valves. 115-127 
angle, 119, 720 
backwater, 124-125 
palm? 123 
boiler drains, 121. /22 
butterfly, 122, 723 
cheek, 123 
compression stop, 119 
control. 116 
coreicocks, 122, 122 
full-way, 116 
cutee I 115 
globe, 117, 779, 119-121 
hose bibbs, 119, 727. 121 
plug. /22, 122 
pressure-reducing (pressure-regulat- 
Ing) AS S 
rated. 116—117 
relief, 727, 127, 381-383. 382 
shutoff. 116 
silleoeks, 119, /2/, 121 
stop-and-waste, 119, /20 
throttling, 116 
valve seat wrenches, 427 
vanity lavatories, 346 
vanity-top lavatories, 346 
vehicle safety, 53 
vented closet tees/crosses, 256, 256 
vented fixtures. See individually vented 
fixtures 
vent grades. 23] 
venting methods, 230-231 


vent pipes, 23 
vent pipe sizing, 231-244 
back vents, 23] 
branch vents, 233, 240, 2-42 
circuit vents, 233, 240 
common vents, 231, 240, 24/, 242 
continuous vents, 237 
developed length, 23/7, 23] 
individual vents, 230-231. 233. 
237-240, 238 
relief vents, 230 
stack groups, 244, 246 
stack vents, 230 232. 232.2 
vent stacks, 230, 233-235, 2. 
236 
vent Stack terminals. 233. 235—237 
wet vents. 242, 242-244, 243, 244, 
245 
yoke vents. 230, 233—234, 235 
vent piping systems, 22 - 25, 23 
vent piping testing, 406-409 
vents. See vent pipe sizing 
vent stacks. 24—25, 230 
sizing, 233—235, 234, 225, 236 
unplugging, 448, 449 
vent stack terminals, 235, 235-237 
vertical pipe installation and support. 
203—204 
vertical pipes. 213, 2/4 
vertical shoring, 38 
video inspection, 444, +44 
vitreous china. 332 
voltage indicators, /6/, 161 
voltage testers, 16] 
voltmeters, 161 
volume. 92-93 


233, 240) 
3 


W 


walers. 38 

wall-hung lavatories, 346 

wall-hung urinals, 34/7, 341 

wall-hung water closets, 332 

wall leaks, 442 

washbasins, 345, 345 - 350, 347 

washout urinals, 340-342, 34/ 

waste, hazardous. 60-61 

waste and overflow fittings, 354, 354 

waste assemblies, 440, 440, 44/7 

waste pipes, 23, 199-201, 201. 202. 
See also sanitary drainage piping 
systems 

waste shoes, 439 


waste stacks, 24. See also soil and waste 


stacks 
wastewater, 23 -24 
water, weight of, 90, 90, 93, 94 
water, working with, 89—90 
water-based paints, 67 
waterborne waste. 23-24 
water Closet adjustments, 421 
water closet bowls, 422-424. 423 
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water closets, 239, 239, 332-339 
ADA-coimpliant, 339-340. 340 
blowout, 334 - 336, 335 
dual flush, 39-4, 394 
duplex dwellings. 256 
flush devices for, 336-337, 337 
gravity-fed, 335, 335 
low-flow (high-efficiency), 393-394 
multifamily dwellings, 258 
one-story. one-family dwellings, 251 


siphon jet. 334, 334-335 
two-story industrial buildings. 262. 
264. 265 
two-story office buildings. 265, 266. 
267 
two-story one family dwellings, 256 
wet vents for, 242, 243, 245 
water closet seats, 339 
water closet service repairs, 421—424. 423 
water conditioners. 374-375. 375 
water conservation, 387—388 
water coolers, 367-368. 368 
water damage and molding, 67-68. 68 
water distribution pipes, 22 
water filters, 375-378. 376, 377 
water flow. retarded. 230 
water hammer, 38 | 
water hammer arrestors. 381. 3S2 
water hardness scales. 371 
water heater capacity, 93 
water heaters, 378-384 
electric. 360. 380-381 
gas, 378- 380, 379 
point-of-use, 383-384 
tankless. 383. 364 
water jetting, 447, 447 
waterless urinals, 342, 343, 394, 394 
water mains. 21 
water meters, 22, 127-129, 729 
water outlets. 311 
water pipe, polyethylene, 103 
water pressure, 90, 90. 287, 290 
water reclamation/recycling, 388-393 
Waler-saver trap primers. 283, 2S4 
WaterSense program, 395 
water services. 21-22 


water spots/surfaces, 333, 332 
water storage tanks, 93 
water supply fixture units (wsfu), 288. 
295 
water supply fixture unit sizing method. 
294-296 
water supply pipe 
available water pressure, 287 
fixture demand, 287—288, 288 
flow pressure, 290, 290-291 
height of building, 290 
length of pipe. 288-290 
sizing of. See water supply pipe. sizing 
water supply pipe sizing, 291—307 
large installations, 294-308 


multifamily dwellings, 296-301, 
297, 299, 302 
public facilities, 301, 303-308, 304 
one-story, one-family dwellings, 
292-294 
water tests, 159, 406, 408-409, 409 
water use, 387, 387—388 
welded pipe, | 12 
wet vents, 231, 242—244, 243, 244, 245 
whirlpool bathtubs, 352-353, 353 
WHMIS, 58 
whole-house filters, 375, 376 
whole numbers, 78 
wind effects, 285 
women’s bathrooms, 262, 264, 265 
wood shoring, 38 
working heights, 43 
working water (flow) pressures, 290, 
290-291, 296, 300, 305 
workplace hazardous materials informa- 
tion system (WHMIS), 58 
wraparound clamps, 205, 207 
wrenches, 156-157, /57, 158 , 
wrist blade handles, 347, 347 


Y 

yoke-and-screw flaring, 192—194, 193 
yoke-and-screw flaring tools, 747, 147 
yoke pipe vises, 134 

yoke vents, 230, 233-234, 235 


Z 


zeolite, 371 
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